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FOREWORD 


Under a lease approved by the President of the United States 
in May, 1972, Paraho undertook, in cooperation with the 
federal government, to demonstrate the engineering, economic 
and environmental feasibility and desirability of the Paraho 
processes and hardware for retorting oil shale. This Final 
Report to participants of the Paraho Oil Shale Demonstration 
is a six-volume document that describes the research and 
development operations, the engineering design and cost 
estimating, and the commercial evaluation studies carried 
out from late-1973 to mid-1976. 


THIS VOLUME 2 IS CONSIDERED CONFIDENTIAL UNDER THE 

TERMS OF THE PARTICIPANTS AGREEMENTS WITH PARAHO 
CORPORATION AND DEVELOPMENT ENGINEERING, INC. MORE- 
OVER, BECAUSE OF THE COMMITMENT TO THE GOVERNMENT NOT. TO 
PUBLISH INFORMATION PREMATURELY, DISTRIBUTION SHOULD 

BE STRICTLY CONTROLLED ON A NEED-TO-KNOW BASIS UNTIL 
AFTER THIS MATERIAL HAS BEEN PUBLISHED BY THE GOVERNMENT 
OR PARAHO. 


The field operations were conducted at the Anvil Points Oil 
Shale Research Facilities located on the Naval Oil Shale Re- 
Serves near Rifle, Colorado. Administration of these leased 
facilities was transferred from the Bureau of Mines (BOM) to 
the Energy Research and Development Administration (ERDA) 


when the latter agency was formed in 1974. 


The Paraho Oil Shale Demonstration was privately sponsored 
by the following seventeen participants at a total cost of 
59.4 million: 


Sohio Petroleum Company 

Southern California Edison Company 
The Cleveland-Cliffs Iron Company 
Gultvoll Corporation 
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Arthur G. McKee and Company 
Kerr-McGee Corporation 

Shell Development Corporation 
Standard Oil Company (Indiana) 

The Carter Oil Company (Exxon) 

Mobil Research and Development Corporation 
Webb-Gary-Chambers-McLoraine (Group) 
Sun Oil Company 

Texaco Inc. 

Phillips Petroleum Company 

Atlantic Richfield Company 

Marathon Oil Company 


Chevron Research Company 


These participants received the right to license Paraho's 
oil shale technology on favorable terms for their support 


and cooperation which are gratefully acknowledged. 


The results of Paraho's operations at Anvil Points are 
encouraging. They demonstrate that the process works, that 
the equipment is operable and durable, that thermal efficien- 
cies and yields are high, and that the entire system developed 
is environmentally acceptable. The extended periods of 

Paraho retort operations and the results obtained demonstrate 
this. The evidence includes the 77-day Pilot Plant run and 
the 56-day Semi-Works run, both of which were terminated 


voluntarily. 


After the 56-day retort run, 10,000 barrels of Paraho crude 
shale oil were shipped to the nearby Gary Western Refinery 

and converted into military products. This federally funded 
work was done for the U.S. Navy's Energy and Natural Resources 
Research and Development Office. That Office coordinated 

the refining and the nationwide, refined product testing 


program and publishing a report entitled: 
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Production and Refining of 10,000 Bbl. Paraho Crude 





Shale Oil Into Military Fuels, U. S. Navy Contract 
#N0014-75-C-0055 


A retorted shale management research project jointly funded 
by the Bureau of Mines and Paraho will be completed in late- 
1976 at an estimated additional cost of $0.5 million. At 
that time, a report entitled, "Retorted Shale Management", 


will be issued as the concluding volume of this report. 
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be INTRODUCTION 


The Cleveland-Cliffs Iron Company (Cliffs), one of the 
initial participants in the Paraho Oil Shale Demonstration, 
provided Development Engineering, Inc. (DEI) with preliminary 
mine plans and costs to develop the demonstration program at 
Anvil Points. Initially, DEI planned to subcontract only the 
mining for the project to Cliffs. This would have included 
mining equipment maintenance which Cliffs was well qualified 
to perform. In the interest of efficiency, it was decided to 
add all maintenance to Cliffs responsibilities under DEI's 
management supervision. Since this gave Cliffs .responsibility 
for most labor procurement, rather than duplicate labor person— 
nel services, Cliffs was requested to handle the procurement of 
operating labor as well. This labor operated under DEI's 


direct supervision. 


Cliffs and DEI worked together to obtain the necessary 
approvals and permits for mine startup. This report deals only 


with mining operations. 


Two areas, adjacent to the U. S. Bureau OL Mines” (U.5.8 3M.) 
Demonstration Mine, had been investigated as potential loca- 
tions for the new mining effort. One plan envisioned extrac— 
tion of shale from an area immediately east of the Demonstration 


Mine, utilizing #3 portal as access. A second plan proposed 
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mining an area to the north, using #1 portal and Able Drift as 
a means. Of entryZ The second plan was selected to supply ore 
for the project because of lower preproduction cost, easier 

access to the zone of interest, and reduced ventilation prob- 


lems (see Figure 1-1). 


Between August,” 1974) “and/ December, 1975, a total of 


101,490 tons of oil shale were mined for processing. The shale, 


after crushing and screening, was used as feed for the Paraho 
retort. Mine preproduction work had been started in mid- 
January, 1974. Activity at the mine, except for some hauling 


of stockpiled material, ceased on December 15, 1975. 


The primary function of the mining effort was to supply 
oil shale for the Paraho Oil Shale Demonstration. However, 
during the period, Man/Machine Work Studies of all mining 
functions were made and several types of drill equipment and a 
mechanical scaler were tested for their applicability ne oil 
Shale mining. An evaluation study to determine the percent 
of - 5" product resulting from blasting and crushing oil shale 
to -3" +%" was conducted also. Detailed reports of work 
studies of individual mining functions and equipment testing 


are included in the Appendix. 
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Figure 1-1 


Anvil Points Mine 
Area Mined For 
Paraho Demonstration Project 
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2. PREMINING ACTIVITY 3. PRODUCTION MINING 4. INDUSTRIAL 5. APPENDIX 
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a PREMINING ACTIVITY 


2.1 Roof Examination and Control 
Prior to final acceptance of Able Drift as an access way 
into the mining area, the roof over the entry was carefully 
inspected. Jointing and fractures were mapped. Compari- 
sons made with similar information, compiled by the 
U.S.B.M. team years before, showed that little change had 
taken place. Inspection of five old stratiscope holes and 
comparison with Bureau's records indicated only minimal 
changes in roof strata partings had occurred. Sagmeters, 
that had been placed in the roof ten years earlier, were 
checked. Here too, readings compared favorably with those 
on record, reemphasizing the stable condition of the mine 
roof. As a final precaution, seven core holesy. 25hto730 
feet deep, were drilled into the roof over Able Drift at 
approximate 120 foot intervals. Core from these holes 
showed the roof rock to be competent and parting frequency 


to be within acceptable limits. 


after ascertaining roof stability, miners were assigned the 
task of roof control improvement. The roof bolts in Able 
Drift were checked with a torque wrench and retightened, 

as needed, to provide maximum effectiveness. Since exist- 
ing bolts were widely spaced, additional bolts were cea 


stalled to obtain a five foot by five foot spacing pattern. 
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Approximately 800 additional roof bolts were placed as a 
precautionary roof control measure. Loose rock was scaled 
from the roof and ribs as the bolting operation proceeded 


from the portal toward the new mining area. 


Mine Road Repair 


The road between the mine and the crushing plant is 5.2 
miles long. Four hairpin switchbacks are located along 

its upper portion. Much of the gradient is at -10% as 

the travel way descends from the mine elevation of 8,200 
feet to the plant at 6,000 feet above sea level. PYiOLT 

to plant startup, many spots along the road were found to 
be too narrow to accommodate the 50 ton trucks being sched- 


uled for use on the oil shale haul. 


Several of the narrow spots were made usable by simply 
dozing and ripping material from the inside near vertical 
banks. One stretch required drilling and blasting to 
accomplish this end. In several areas, steel piling was 
driven along the outer edge of the roadway to support Sribh- 
bing and fill, thus extending the road shoulders by six 
feet or more. A number of culverts were extended to pre- 
vent washing of replaced shoulder fill. After the repair 
work was completed, the entire road received a top dress- 


ing of crushed river gravel and crushed oil shale. 
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The improved road still did not meet the new State and 
Federal safety standards set for elevated mine roadways. 
To be in full compliance, run outs were needed at each 
switchback and outside shoulders required berms or guard- 
rails. The road was not wide enough to berm and to make 
it so, would require complete rebuilding. Berms or guard- 
rails would, in addition, interfere with snow removal ef- 
forts and, due to physical. limitations at switchback fo- 
cations, run outs could not be Sore neEea unless major 
amounts of money were committed. ‘A variance permitting use 
of the road, without further modification, was applied for 


and received prior to plant startup. 


Bene Mine Equipment Acquisition 
Specialized equipment needed to activate the mine acquired 
in the months preceding actual mine startup. A need to 
minimize the cost of mining oil shale for the Paraho pro- 
ject resulted in considerable "shopping" bs obtain the re- 


quired machinery. 


SPE Usable equipment left from the U. S. Bureau of 
Mines' activities at Anvil Points included a com- 
pressor, two water trucks, an aerial ‘platform, and 
two motor graders. These were renovated by the 
maintenance group. The aerial platform was modi- 


fied for use as an explosives loader. 
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Prior to mine startup, the 100,000 cfm mine fan and approx— 
imately 800 feet of six foot diameter tubing were installed 
to provide ventilation to the mining area. 


pressor was installed in Crosscut #6 and an electrical sub- 


A drill jumbo, equipped for rotary drilling, was 
rented from the Colony Development Operation. 
The single boomed rig had been used in the Mobil 


Mine before being purchased by Colony. 


A used Gradall mechanical scaler was located in 


Boise, Idaho and purchased for the project. 


Two 50 ton capacity Hough 350 Payhaulers and a 
Hough six yard 560 Payloader were purchased new 
for the loading and hauling functions. The Pay- 
hauler's four-wheel drive feature was felt to be 
of benefit because of adverse haul conditions be- 


tween mine and plant. 


A roof bolter, ventilation fan and semi-portable 
substation were purchased from the Mobil Mine 


group. 


Other Premining Activities 


station was set up in Crosscut #8. Air and water were 


piped to the mining faces. Power lines were hung, as 


needed, to points of usage. 


An 800 cfm com- 
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Early in the program, several attempts were made to re- 
activate a system that had supplied water to the mine from 
reservoirs located on the mesa above the mine. The efforts 
included dam repair and equipment replacement. Ultimately, 
the project was abandoned when it became apparent that the 
ponds would require dredging. Throughout the period of 
mine activity, pr leeree required by the mining operation, was 


hauled from the plant. 
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3. PRODUCTION MINING ENGINEERING 5. APPENDIX 


ey 7 " A fi : k a ; f 
4 ’ i) MA fees wise _ 
7, AW 


fy f i ae 1 my | Pal 

Lp ist eA 

Body MORAY Cal fc terien eae 
L 


‘ ne Ra Wd a8 Ak 
hae | feat _ i e yes * 


f 
} : . " : 
; 7 : f i - re a Ne) 





Earshhh 


Se PRODUCTION MINING 


3.1 Minin Function Description 


Beiwk Drilling: Face, drilling was handled by a Gardner- 
Denver Prototype, single boomed jumbo. Drilling 
action was straight rotary. The machine was capable 
of drilling 30 foot deep blastholes, though most 
drilling in the program was limited to holes less 
than 25 feet in depth. The standard drill pattern 
consisted of a V-cut round of 26 4-\%" diameter holes 
in a mine face that was 55 feet wide and 40 feet 
high (see Figure 3-1). The drill rounds blasted 
during the program pulled an average depth of 18.2 


feet and produced 2,670 tons. 


3.h¢23"Charging and!iBlasting: Pi Blasthole charging utilized 
an ammonium nitrate and fuel oil mixture as a pri- 
mary blasting agent. The AN/FO was pneumatically 
blown into holes from a pressure pot of 400 pounds 
capacity. Blasters worked from an elevating plat- 


form to charge holes in the 40 foot high faces. 


Special charging techniques were practiced when 
loading rib holes. Two inch cardboard tubes, placed 
in the holes, were filled with AN/FO, leaving an 


uncharged space between the tube and the wall of the 
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Figure 3-1 


Typical 26 Hole Pattern 


Anvil Points Mine 
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hole. The effect was twofold. Both the reduced 
amount of explosive and the air cushion around the 
explosive column tended to reduce blast damage to 


the pillars. 


All blastholes were primed with a high strength ex- 
plosive and "Primadet" delay blasting caps. De- 
tonating cords from the caps were interconnected 
on the face with "E" cord. A single cap, ignited 


by fuse, was used to detonate the round. 


Load and ope A Hough 560, six yard rated, rubber 
tired endloader was used to load oil shale into 
trucks. The unit was equipped with an oversized 
6-1/2 yard bucket. Ore was hauled down the 5.2 
mile mountain road in two 50 ton capacity Hough 350, 
off-highway trucks, the vehicles were sideboarded 
to permit hauling of near capacity loads. Trucks 
and loader were equipped with "Oxycatalyst" exhaust 


conditioners to permit operation within the mine. 


Roof Bolting: The mine roof was roof bolted as it 
was exposed. Bolts, six and seven feet in length, 
were installed in a grid pattern on approximate 

five foot centers after each round was mucked out. 


Bolts were torqued to approximately 150 foot-pounds 
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as they were installed. Roof bolting was accom- 
plished from an elevating platform equipped with a 
single Gardner-Denver D93HR drill machine. ‘This 
hydraulically rotated drill was used to ae By US a «0 Bh 


holes and tighten the roof bolts. 


Sahoo Scaling: Rib and face scaling was accomplished with 
a Gradall 600 mechanical scaler. The scaler, actu- 
ally a modified hydraulic backhoe, was equipped 
with a scaling tooth in place of the bucket. The 
tooth was used to rake or pry loose material from 
the face and ribs to make an area safe for subsequent 
mining operations. The G-600 rig could reach and 
scale only to a 37 foot height, consequently some 
hand scaling of the upper three or four feet was 


required after each blast. 


a2 “Production Statistics 
The first round taken from the Anvil Points mine during 
the Paraho Project was blasted August 7, 1974, Thentinal 
heading was shot on November Teo foe dt elle Put 
rounds were shot in the campaign, advancing headings and 
crosscuts a total of 692 feet. Other statistics are as 
follows: 
o Total mined 101,490 tons 


oOo Advance per round tues oe. 
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O Production per round 2,670 Tons 
Oo Explosives factor* 0.85 Pounds/Ton 
o Bit life** 327 Feet/Bit 


Explosives factor adversely affected by par- 
ticle size limitation set by plant's primary 


crusher. 


Bit life adversely affected by use of 24 sub- 


standard bits. 
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4. INDUSTRIAL ENGINEERING 


Man/Machine Work Studies 

Productivity and cycle times for the various mining func- 
tions in a commercial sized operation were developed from 
data obtained from time studies of the Anvil Points mine 
operation. Each function was studied with the objective 
of developing data that met 95% statistical confidence 
limits. This data, which was based on the prototype 
equipment, was used in the development of productivity 
and cycle times for the equipment envisioned for a commer- 
cial sized operation. Standard industrial and mining 
engineering techniques were used in the analyses of the 


data. 


The specific functions studies were drilling, charging 
and blasting, loading, hauling, roof bolting, scaling, 


and ventilation. 


Equipment Testing 
A ech Drilling: During the mining program at Anvil Points, 


several drill manufacturers were offered an oppor- 
tunity to test their equipment S§rxboill sha lestidn 

was desired to investigate fully all potential oil 
shale drill candidates. Garner-Denver, Ingersoll- 


Rand, and Joy responded. Straight yotarmy.c wetany~- 
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percussion and percussion drill actions were subse- 


quently investigated. 


Reports of the drilling tests have been published. 


Results can be generally summarized as follows: 


O 


Rotary drill action is preferred for drill- 
ing the richer oil shales. However, in lean 
shale (-20 gpt) rotary drill penetration. 

rates are unacceptably low. Other types of 
drilling should be considered if lean shale 


is to be mined. 


Rotary-percussion drill action is a tens 
tial means of drilling oil shale providing 
bits of proper design can be obtained. In 
contrast to straight rotary drill action, 
this type of drilling resulted in faster 
bit penetration in the lean shale than in 


the richer kerogen bearing rock. 


Percussion drilling, using large compressed 
air operated drills, appears to be competi- 
tive with other types of drilling actions. 
In addition, a longer bit life appears 
likely with this type of equipment. The 


primary disadvantage in use of percussion 
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drills is the requirement of large volumes 


of compressed air. 


Scaling: A Drott-Cruz-Air, Model 40YR, rubber 
tired, hydraulic backhoe, equipped with a single 
ripper tooth in place of the conventional bucket, 
was tested for its ability to serve as a mechanical 
scaler. ~The MACH ne performed well and will warrant 
consideration when equipping a commercial oil shale 


mine. 
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aN APPENDIX 


The following reports prepared by The Cleveland-Cliffs 
Iron Company for the Paraho Oil Shale Demonstration are incluca— 


ed herein: 


5.1 Gardner-Denver Drill and Bit Test 
5.2 Gardner-Denver All Hydraulic Rotary Percussion 
Oral. Zest 
5.3 Ingersoll-Rand Rotary-Percussion Drill Tests 
5.4 Joy Drill and Bit Test 
5.5 Man/Machine Work Studies 
5.5.1 Face Drilling 
5.5.2 Charging and Blasting 
5.5.0) Sealing 
5.5.4 Roof Bolting 
5.5.5 Ventilation 


5.5.6 Truck Loading and Hauling 








~_PARAHO DEMONSTRATION PROJECT 
GARDNER-DENVER DRILL & BIT TEST REPORT 
FEBRUARY 1976 
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INTRODUCTION 


These Gardner-Denver drill and bit tests were conducted at 
the Paraho Demonstration Project's Anvil Points mine near Rifle, Colorado. 
The tests were accomplished in three phases, one with a Gardner-Denver 
bench rig equipped with a 63 RPM drill motor using rotary and rotary 
percussion (a Mission Megadrill down the hole hammer) type drilling; 
two, using the bench rig equipped with a 145 RPM drill motor with 
straight rotary drilling; and three, using the mine's Gardner-Denver 
jumbo equipped with a J.E.D.-1 drill with hard (110 RPM) and soft 
(170 RPM) rotary speeds. Straight rotary drilling was used in this 
“as of the test. Results of the three phases are recorded in the 
following sections. 


Gardner-Denver Company sustained the majority of the cost 
of drilling equipment and supplies used in these tests. 











PHASE ONE 


The first phase test involved the testing of various bit 
types in order to determine which bit type performed best in the 
drilling of oil shale. Also, a down-the-hole hammer was tested 
with the above bits. 


The down-the-hole hammer was a T.R.W. Mission Megadrill 
which produced 1,200 blows per minute at approximately 100 foot 


pounds per blow. 


Both horizontal and vertical holes were drilled during 
this phase. Horizontal holes were drilled within three to four 
feet on each side of the Mahogany marker while the vertical holes 
were collared in the floor 20 feet below the Mahogany marker. The 
vertical holes were drilled in medium and high grade shale. The 
horizontal holes were drilled in low grade shale. 


Bits tested in this phase included Ken Claw bits made by 
Kenrock Bit Company, four wing drag bits made by Kay Bit Company and 
Cault Tool Company and some special made bits from Kay Bit Company. 
One tri-cone roller bit, made by Barrel, was also tested. A hole-by- 
hole breakdown on this section is included om pages 3 to 10. Figure 
1, page 42, is a sketch of a four wing drag bit. 











PHASE ONE RESULTS 


Gardner-Denver Bench Rig with 63 RPM drill motor - rotary and rotary 
percussion drilling. All pressures are hydraulic gauge pressures in 
pounds per square inch. The booster is hydraulic fluid flow in gallons 


per minute. 


Ken Claw Bits (Point Contact Bits): 


1. Bit - 4-3/4" four-toothed ripper with five button pilot starter 
Vertical hole (straight rotary) 
Collar - 
Drill - 8 feet in 7.00 minutes - 1.14 feet/minute 


Pressures (psi): 


Rotation - 900 
Down - 700 
Booster - 36 gallons/minute 


2. Bit - 4-3/4" four-toothed ripper with five button pilot starter 
Vertical hole (straight rotary) 
Collar S 
Drill - 20 feet in 13.5 minutes - 1.48 feet/minute 
Pressures (psi): 
Rotation - 1,000 
Down - 1,000 
Booster - 38 gallons/minute 
3. Bit - 4-3/4" four-toothed ripper with five button pilot starter 
Vertical hole (straight rotary) 
Collar - 
Drill - 9 feet in 5.0 minutes - 1.80 feet/minute 
Pressures (psi): 
Rotation - 1,000 
Down - 1,500 (bit bound) 


Booster - 38 gallons/minute 


on 











Ken Claw Bits (Point Contact Bits) (Continued) : 
Bit - 4-3/4" four-toothed ripper with five button pilot starter 
Horizontal hole (straight rotary) 
Collar - 
Drill - 20 feet in 20.87 minutes - 0.96 feet/minute 
Pressures (psi): 

Rotation - 1,000 

Down - 1,300 
Bit - 4-3/4" five-toothed ripper 'Mini-Mite"” 
Vertical hole (straight rotary) 
Collar - 
Drill - 12 feet in 12.14 minutes - 0.99 feet/minute 
Pressures (psi): 

Rotation - 800 

Down - 1,000 
Booster - 36 gallons/minute 
Bit - 4-3/4" five-toothed ripper '"Mini-Mite" 
Horizontal hole (straight rotary) 10 feet below Mahogany marker 
Collar - 
Drill - 8 feet in 11.0 minutes - .72 feet/mimute 
Pressures (psi): 

Rotation - 750 

Down - 1,000 
Booster - 36 gallons/minute 
Bit - 4-3/4" five-toothed ripper 'Mini-Mite"” 
Vertical hole (straight rotary) 
Collar - .62 
Drill - 20.7 feet in 19.4 minutes - 1.06 feet/minute 
Pressures (psi): 

Rotation - 1,000 

Down - 1,200 
Booster - 38 gallons/minute 
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10. 


Ken Claw Bits (Point Contact Bits) (Continued): 
Bit - 4-3/4" four-toothed ripper 
Vertical hole with rotary percussion hanmer 
Collar - 1.00 minute 
Drill - 23.34 feet in 6.91 minutes - 3.37 feet/minute 
Pressures (psi): 
Rotation - 1,300 
Down - 1,000 


Booster - 38 gallons/minute 


Kay & Gault Bits: 
Bit - 4-1/4" Kay rotary-percussion bit 
Vertical hole with rotary percussion hammer 
Collar - 
Drill - 23.34 feet in 15.65 minutes - 1.49 feet/mimute 
Pressures (psi): 

Rotation - 700 

Down - 320 
Booster - 36 gallons/minute 
Bit - 4-1/4" Kay resharpened drag bit 
Vertical hole (straight rotary) 
Collar - 
Drill - 20.7 feet in 9.41 minutes - 2.20 feet/minute 
Pressures (psi): 

Rotation - 950 

Down - 1,600 


Booster - 38 gallons/minute 
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12). 


13. 


14. 


Kay & Gault Bits (Continued): 
Bit - 4-1/4" Kay resharpened drag bit (same as #10) 
Vertical hole with rotary percussion hammer 
Collar - 
Drill - 23.34 feet in 6.78 minutes - 3.44 feet/mimute. 
Pressures (psi): 
Rotation - 1,000 
Down - 1,400 
Booster - 38 gallons/minute 
Bit - 4-1/4" Gault resharpened drag bit 
Vertical hole with rotary percussion hammer 
Collar - 
Drill - 23.34 feet in 5.01 minutes - 4.66 feet/minute 


Rotation 
Down - 1,400 


Pressures ea se 


Booster - 38 gallons/minute 
Bit - 4-1/4" Kay special drag bit 
Vertical hole (straight rotary) 
Collar - 
Drill - 20.7 feet in 8.5 minutes - 2.43 feet/minute 
Pressures (psi): 
Rotation - 900 
Down - 1,400 
Booster - 36 gallons/minute 
Bit - 4-1/4" Kay special drag bit 
Vertical hole with rotary percussion hanmer 
Collar - .24 


Drill - 23.34 feet in 5.43 minutes - 4.29 feet/minute. 
(Tore all four carbides from seatings) 


Pressures (psi): 
Rotation - 1,200-1,300 
Down - 1,400 


Booster - 38 gallons/minute 
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16. 


17. 


18. 


Kay & Gault Bits (Continued) : 
Bit - 4-1/4" Gault resharpened bit with two broken carbides 


Vertical hole with rotary percussion hammer 
(This bit attained 4.66 feet/minute on a previously drilled hole) 


Collar - .46 
Drill - 23.34 feet in 7.69 mimutes - 3.03 feet/minute 
Pressures (psi): 
Rotation - 1,000 
Down - 1,400 
Booster - 38 gallons/minute 
Bit - 4-1/4" Gault resharpened bit (same bit as #15) 
Vertical hole with rotary percussion hammer 
Collar - 


Drill - 23.34 feet in 10.04 minutes - 2.32 feet/minute 
(Tore the remaining two carbide inserts from their seatings) 


Pressures (psi): 

Rotation - No Recordings 

Down - No Recordings 
Booster - 36 gallons/minute 
Bit - 4-1/4" Barrel Tri-Cone Roller Bit 
Vertical hole with rotary percussion hanmer 
Collar - 
Drill - 23.34 feet in 17.28 minutes - 1.35 feet/minute 
Pressures (psi): 

Rotation - 900 

Down - 1,200 
Booster - 38 gallons/minute 
Bit - 4-1/4" Tri-Cone Roller Bit (same bit as #17) 
Vertical hole (straight rotary) 
Collar - 
Drill - 1.5 feet in 2 minutes - .75 feet/minute 
Pressures (psi): 

Rotation - 800 

Down - 1,400 


Booster - 36 gallons/minute 
cay pe 
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Kay & Gault Bits (Continued): 


Bit - 4-1/4" Tri-Cone roller bit (same bit as #17-¥/18) 
Vertical hole with rotary percussion hanmer 
Collar - 


Drill - 22 feet in 17.15 mimutes - 1.28 feet/minute 
(bit destroyed - one roller tore out) 


Pressures (psi): 
Rotation - 900 
Down - 1,400 


Booster - 38 gallons/minute 


The following horizontal holes were drilled in hard zones above and below 
the Mahogany marker. 


20. 


21. 


Bit - 4-1/4" Gault resharpened bit 
3.5 feet above Mahogany marker with rotary percussion hanmer 
Collar - .26 


Drill - 23.34 feet in 9.34 minutes - 2.49 feet/minute 
(tore three carbide inserts from seatings and chipped the fourth) 


Pressures (psi): 
Rotation - 900 
Down - 1,000 
Booster - 38 gallons/minute 
Bit - 4-1/4" Kay Button "'P" bit 
3.0 feet above Mahogany Marker with rotary percussion hanmer 
Collar - .26 
Drill - 23.34 feet in 18.06 minutes - 1.29 feet/minute 
Pressures (psi): 
Rotation - 900 
Down - 500 
Booster - 41 gallons/minute 
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The following horizontal holes were drilled in hard zones above and below 
the Mahogany marker. 


Kay & Gault Bits (Continued): 


22. Bit - 4-1/4" Kay rotary percussion bit 
2.5 feet above Mahogany marker with rotary percussion hanmer 
Collar - .88 
Drill - 23.34 feet in 21.24 minutes - 1.09 feet/minute 
Pressures (psi): 
Rotation - 850 
Down - 500 
Booster - 41 gallons/minute 
23. Bit - 4-1/4" Kay resharpened drag bit 
Drilled in Mahogany marker with rotary percussion hammer 
Collar - 


Drill - 5 feet in 3.86 mimutes - 1.29 feet/minute 
(bit completely destroyed) 


Pressures (psi): 
Rotation - 850 
Down. - 1,000 
Booster - 41 gallons/minute 
24. Bit - 4-1/4" Kay Button "P" bit ° 
.) feet above Mahogany marker with rotary percussion hammer 
Collar - 
Drill - 23.34 feet in 18.35 minutes - 1.27 feet/minute 
Pressures (psi): 
Rotation - 750 
Down - 500 


Booster - 36 gallons/mimute 
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Kay & Gault Bits (Continued): 


Bit - 4-1/4" Kay rotary percussion bit 
2.2 feet above Mahogany marker with rotary percussion hanmer 
Collar - .48 
Drill - 23.34 feet in 18.03 minutes - 1.30 feet/mimute 
Pressures (psi): 

Rotation - 850 

Down - 500 
Booster - 41 gallons/minute 
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SUMMARY : 


Results from this test indicated that four wing drag bits 
performed best with straight rotary drilling. When used with rotary 
percussion drilling they attained good penetration rates but did not 
hold up well. Most drag bits were destroyed when the carbide inserts 


were torn from their seatings, usually during rotary percussion drilling. 


The Ken Claw (point contact) bits, made by Kenrock Bit Company 
did not perform well with either rotary or rotary percussion drilling. The 
special bits, one a rotary percussion type bit and the other a button type 
bit, made by Kay Bit Company, did not perform as well as expected. Cutting 
and clearance angles on the rotary percussion bit were not applicable to 
the drilling of oil shale. This was the first rotary percussion bit tried. 
The cutting and clearance angles were not applicable to the drilling of 
oil shale as there was no bit sharpening equipment for experimentation with 
different angles. 


The tri-cone roller bit, made by Barrel, was destroyed when one 
roller was torn from its mounting. This was during rotary percussion 
drilling. Penetration rates with this bit were less than 1.5 feet per 
minute. 


In conclusion, it was substantiated that drag bits work best 
in rotary drilling of oil shale. With regard to rotary percussion drilling 
of oil shale, it was substantiated that drag bits would not hold up under 
the percussion impact. In testing for a bit that will satisfactorily drill 
oil shale with rotary percussion drilling, it is suggested that percussion 
and rotary percussion type bits be tested. Also, these bits should be 
sharpened to various angles in an attempt to find optimm angles for 
drilling oil shale. 
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PHASE TWO 


The second phase of this test deals with various four wing drag 
bits with different clearance and rake angles in an attempt to determine 
optimum angles with respect to penetration rates. Also, an attempt was made 
to substantiate that precision bit sharpening is necessary for attaining 
good penetration rates and the longest possible bit life. The bits in this 
section were recorded by their carbide hardness and by an angle in degrees. 
This angle is the clearance angle measured from vertical minus the rake 
angle (example 1-8 -22°). Figure 1 on page 42 shows a typical four wing 
drag bit. The bits used in this phase of the test were all Kay and Gault 


four wing drag type bits firnished, at no cost, by Gardner-Denver Company . 


A 145 rpm drill motor was used on a Gardner-Denver bench rig 
for this test. A hole-by-hole breakdown on this section is included on 
pages 13 to 26. Most bits were recorded by the degree of the angles on 
that particular bit. The first 15 holes were drilled with the booster 
compressor connected, the remaining 35 holes were drilled with the booster 
compressor disconnected. The booster was disconnected to better distribute 
the hydraulic power to the remaining active systems. Cleaning of the hole 


became a problem while the booster compressor was disconnected. 


All holes drilled in this phase of the test were vertical. 
They were collared some 20 feet below the Mahogany marker and were 
drilled through both medium and high grade shale. 
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PHASE TWO RESULTS 


Gardner-Denver Bench Rig with 145 RPM drill motor - rotary drilling 


with and without a booster compressor (vertical holes) 


Two (2) holes drilled with the mine jumbo - horizontal holes: 


#4 Carbide: 

10 feet above the Mahogany marker (black seam) 

Collar the hole - .32 

Drill the hole - 25 feet in 3.82 minutes - 6.8 feet/minute 
Retract drill - .88 

Pressures (psi): 


Drill - 1,400 
Down (Feed) - 900 


#8 Carbide: 

Top hole (hard drilling) 15 feet above Mahogany marker 
Collar the hole - .35 

Drill the hole - 26 feet in 5.83 mimutes - 4.4 feet/minute 
Retract drill - 1.11 

Pressures (psi): 


Drill - 1,450 (end of hole 1,100) 
Feed - 1,000 
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All holes drilled to a depth of 18 feet. 


The pressures are hydraulic 


gauge pressures in pounds per square inch. The booster is hydraulic 


fluid flow in gallons per minute. 


i #4 Standard Carbide: 
Collar - .09 


Drill - 3.68 minutes - 4.89 feet/minute 


Pressures (psi): 
Rotation - 1,450 
Down - 1,200 
Booster - 38 gallons/minute 
2: #4 Standard Carbide: 


Collar - .15 


Drill - 4.02 minutes - 4.47 feet/minute 


Pressures (psi): 
Rotation - 1,250 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 
3. #8 Standard Carbide: 


Collar - .18 


Drill - 3.59 mimutes - 5.01 feet/minute 


Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 
4. #8 Standard Carbide: 


Collar - 


Drill - 3.62 minutes - 4.97 feet/minute 


Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 


Booster - 41 gallons/minute 


* Varies due to hardness of rock being drilled. 
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a #8 Standard Carbide: 
Collar - .19 
Drill - 3.98 mimutes - 4.52 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 
6. Gault Reground (relieved) : 
Collar - 
Drill - 3.08 minutes - 5.84 feet/minute 


Pressures (psi): 
Rotation - 1,000 - 1,500* 


Down - 700 
Booster - 42 gallons/minute 
a. Gault Reground (NOT relieved) : 
Collar - .10 


Drill - 3.70 minutes - 4.86 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
‘Down - 700 
Booster - 41 gallons/minute 
8. 1-8 - 22°: 
Collar - .20 
Drill - 2.94 minutes - 6.12 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 


* Varies due to hardness of rock being drilled. 
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9. 1-4 - 28°: 
Collar - .35 
Drill - 4.49 minutes - 4.00 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 
10. 2-4 - 25°: 
Collar - .08 
Drill - 3.81 minutes - 4.72 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 
11. 2-8 - 24°; 
Collar - .09 
Drill - 3.06 minutes - 5.88 feet/mimute 


Pressures (psi): 
Rotation - 1,000 - 1,500* 
700 


_ Down : 
Booster - 41 gallons/minute 
12) 3-4 - 18°: 
Collar - 


Drill - 2.98 minutes - 6.04 feet/minute 
Pressures (psi): 

Rotation - 1,000 - 1,500* 

Down - 700 


Booster - 41 gallons/minute 


* Varies due to the hardness of rock being drilled. 


~ 16 .- 


Vr i 


) be yb 


“ he neu? sat ed : 





it sm 4) ‘yy 
} y ; iy ‘> th 


“ 


Py Lah sak aie ih tat vl 


St. - assume | im 







Mme) 







13. ic imgacagent tb 
Collar - .19 
Drill - 3.03 minutes - 5.94 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 
14. Old Kay (resharpened) : 
Collar - .10 
Drill - 6.54 minutes - 2.18 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500 
Down - 700 
Booster - 41 gallons/minute 
1. Gault (relieved) Reground: 
Collar - .10 
Drill - 3.30 minutes - 5.45 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Booster - 41 gallons/minute 


* Varies due to the hardness of rock being drilled. 
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All holes vertical - rotation (145 RPM). Booster compressor disconnected. 
The compressor pressure is the hydraulic system pressure in pounds per square 


l. 1-8 = 220. 
Collar - 
Drill - 2.85 minutes - 6.31 feet/minute 


Pressures (psi): 
Rotation - 1,250 - 1,500* (drilled dry) 


Down - 800 

Compressor - 3,800 
2. 1-8 = %22°: 
Collar - .08 


Drill - 3.05 minutes - 5.90 feet/minute 

Pressures (psi): 
Rotation - 1,000 to 1,500* (drilled wet) 
Down -  §800 

Compressor - 4,200 

2: 1-8 - 22°: 
Collar - .10 
Drill - 3.80 minutes - 4.73 feet/minute 


Presssures (psi): 
Rotation - 1,200 - 1,700* 


Down - 900 (bit dulling and binding) 
Compressor - 4,000 
4. 1-8 - 22°: 
Collar - .11 


Drill - 3.87 minutes - 4.65 feet/minute 
Pressures (psi): 

Rotation - 1,300 - 1,700* 

Down - 1,000 


Compressor - 4,200 


* Varies due to hardness of rock being drilled. 
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at 2-8 - 24°: 
Collar - .09 
Drill - 4.12 minutes - 4.37 feet/minute 
Pressures (psi): 
Rotation - 1,100 - 1,600 
Down - 800 
Compressor - 4,000 
6. 2-8 - 24°: 
Collar - .10 
Drill - 4.23 minutes - 4.25 feet/minute 


Pressures (psi): 
Rotation - 1,200 - 1,600 


Down - 900 (bit binding) 
Compressor - 4,200 
7. 2-8 - 240: 
Collar - .09 


Drill - 4.08 minutes - 4.41 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,600* (bit binding) 
Down. - 1,000 
Compressor - 4,200 
8. 2-4 - 25°: 
Collar - .10 
Drill - 4.33 minutes - 4.15 feet/mimute 
Pressures (psi): 
Rotation - 1,200 - 1,700* 
Down 800 


Compressor - 4,000 


* Varies due to the hardness of rock being drilled. 
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9. 2-4 _- 125°: 
Collar - .08 
Drill - 4.10 minutes - 4.39 feet/mimute 
Pressures (psi): 
Rotation - 1,200 - 1,800 
Down - 900 
Compressor - 4,200 
10. Qe u- 125: 
Collar - .09 
Drill - 4.00 minutes - 4.50 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,700* 
Down - 1,000 
Compressor - 3,300 
LL. 3-4 - 18°: 
Collar - .11 
Drill - 3.30 minutes - 5.45 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,600* 
Down - 800 
Compressor - 4,200 
12. 3-4 - 18°: 
Collar - .08 
Drill - 3.30 minutes - 5.45 feet/minute 
Pressures (psi): 
Rotation - 1,100 - 1,600* 
Down - 900 


Compressor - 3,800 


* Varies due to the hardness of rock being drilled. 
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13. 3-4. - 18°: 
Collar - .12 
Drill - 3.55 minutes - 5.07 feet/mimute 


Pressures (psi): 
Rotation - 1,300 - 1,800* 


Down - 1,000 (bit binding) 
Compressor - 3,800 
14. 3-8 - 189: 
Collar - .10 


Drill - 3.01 minutes - 5.98 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,700* 
Down - 800 
Compressor - 4,100 
15. 3-8 - 18°: 
Collar - .08 
Drill - 3.24 minutes - 5.55 feet/minute 
Pressures (psi): 
Rotation - 1,300 - 1,800* 
Down - 900 
Compressor - 4,000 
16. 3-8 - 18°: 
Collar - .09 
Drill - 2.99 minutes - 6.02 feet/minute 
Pressures (psi): 
Rotation - 1,300 - 1,800* 
Down - 1,000 (bit binding) 
Compressor - 3,800 


* Varies due to hardness of rock being drilled. 
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17. — New 8 - Anvil Points Grind: 
Collar - 
Drill - 4.88 minutes - 3.68 feet /mimute 


Pressures (psi): 
Rotation - 1,200 - 1,300* 
700 


Down # 
Compressor - 3,300 
18. New 8 - Anvil Points Grind: 
Collar - .08 


Drill - 5.91 minutes - 3.04 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,600* 
Down -  §800 
Compressor - 3,500 
19. Resharpened Gault Anvil Points Grind: 
Collar - .11 
Drill - 3.80 minutes - 4.73 feet/minute 
Pressures (psi): | 
Rotation - 1,000 - 1,500* 
Down 700 
Compressor - 3,600 
20. Resharpened Gault Anvil Points Grind: 
Collar - .09 
Drill - 3.62 minutes - 4.97 feet/mimute. 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 800 


Compressor - 3,900 


* Varies due to the hardness of rock being drilled. 


BT... 


7 yT. 


> 
a. 















- eduinim\sest 00.€ + eodunba 10.2 ~ MR 

ha 

*003,1 - OOS .['< aaiiaot Ke 

OG Oe 

O02 € =" toweartgncd ae 

tbat atntol Lived ius) bensqxadast . 

Ef. ~"smtiioo : 

stunia\jeot €1.A -' eeturrh 08. eu ‘iis nig 

, Cie esmess tl ee 

me, I ~ 000.I ~ maksatot " 
“O0T » 

‘008, = nosporemd Pa | 

heh ‘aantod Shed tlust) becsquadaas ak 

| i ‘0, - malted 

ocumbti\tost (0.8 4 assume $3.€ ae 


oats wa Lys 


W : i a a me Ra? ih nie} . é (¢ 
7 ‘i ¥ Wiad, 1 Wis, 74 ‘4 i a ie : A 
' 
A ‘ 


i: ir bait 


| Ae a 


aL. Resharpened Gault Bit Anvil Points Grind: 
Collar - .10 
Drill - 3.35 minutes - 5.37 feet/mimute 
Pressures (psi): 
Rotation - 1,200 - 1,600* 
Down - 900 
Campressor - 3,900 
22. Resharpened Gault Anvil Points Grind: 
Collar - .11 
Drill - 3.70 minutes - 4.86 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,600 
Down - 1,000 
Compressor - 4,100 
23. Resharpened Gault (cracked insert): 
Collar - 
Drill - 3.80 minutes - 4.74 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Compressor - 4,200 
24. 1-8 Standard: 
Collar - .09 
Drill - 4.36 minutes - 4.13 feet/minute. 
Pressures (psi): 
Rotation - 1,100 - 1,700* 
Down - 900 


Compressor - 4,200 


* Varies due to the hardness of rock being drilled. 
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26. 


27. 


* Varies due to the hardness of rock being drilled. 


1-8 Standard: 
Collar - .09 
Drill - 3.75 minutes - 4.80 feet/minute 


Pressures (psi): 
Rotation - 1,250 - 1,750* 


Down ~ 1,100 
Compressor - 3,900 
1-8 Standard: 
Collar - 


Drill - 4.31 minutes - 4.17 feet/minute 


Pressures (psi): 
Rotation - 1,250 - 1,750* 


Down - 1,300 
Compressor - 3,500 
1-8 Standard: 
Collar - .08 


Drill - 4.18 minutes - 4.30 feet/mimute 


Pressures (psi): 
Rotation - 1,200 - 1,600* 


Down - 1,200 
Compressor - 3,600 
1-8 Standard: 
Collar - 


Drill - 4.08 minutes - 4.41 feet/minute 
Pressures (psi): 

Rotation - 1,100 - 1,600* 

Down - 900 


Compressor 
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(bit binding) 


(bit binding) 


bone 
cba p 
iy 
| a 
/ 
Tie he 
/ 
4 wit 
! 
‘7 


a a ae 
08.8 ~ esau 
: 


Y i, 
na os 


we ' 






Y o'¢ ithe yeh wf 
: 


. yy tee | ip gt ace ; ni , ee } yy 


Pia 
5 hPa 


(gatbekd 22d) exuehat\gee? 1.0 - wast J A= fe ot 






80 
¢ ayia 
(amtbakd s.bd) Cues Oe his feral vg 


: ¢ tea) . 9 Ax hese? aces ag i R 


Pilg AH Ba ae 


29. 1-8 Standard: 
Collar - .10 
Drill - 4.11 minutes - 4.38 feet/mimute 


Pressures (psi): 
Rotation - 1,100 - 1,600* 


Down - 1,000 

Compressor - 3,900 
30. 1-4 Standard: 
Collar - .09 


Drill - 4.55 mimutes - 3.95 feet/minute (bit binding) 
Pressures (psi): | 
Rotation - 1,100 - 1,500* 
Down - 900 
Compressor - 4,100 
Sl 1-4 Standard: 
Collar - .07 
Drill - 4.59 minutes - 3.92 feet/minute 
Pressures (psi): 
Rotation - 1,100 - 1,600* 
Down - 1,000 
. Compressor - 3,700 
SZ 1-4 Standard: 
Collar - .11 
Drill - 4.60 minutes - 3.91 feet/minute 
Pressures (psi): 
Rotation - 1,100 - 1,600* 
Down - 800 
Compressor - 3,700 


* Varies due to the hardness of rock being drilled. 
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33. 1-4 Standard: 
Collar - .09 
Drill - 5.63 minutes - 3.19 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 700 
Compressor - 3,600 
34. 1-4 - 28°: 
Collar - .08 
Drill - 4.25 minutes - 4.23 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,500* 
Down - 900 
Compressor - 4,200 
33. 1-4 - 289: 
Collar - .14 
Drill - 8.35 minutes - 2.15 feet/minute 
Pressures (psi): 
Rotation - 1,300 - 1,750* 
Down - 1,000 


Compressor - 3,800 


* Varies due to the hardness of the rock being drilled. 
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SUMMARY : 


The second phase of this test dealt with the testing of various 
drag bits with different clearance and rake angles. These bits were 
precision sharpened in an attempt to substantiate that precision bit - 
sharpening is necessary for maintaining good penetration rates with the 


longest possible bit life. 


Results from the first 14 holes drilled in this phase indicate 
that good penetration rates can be attained at a relatively low feed 
pressure (700 psi); see drill hole information sheets, pages 13 to 26 
and Table I, page 28. Each bit was tested at various feed pressures 
in an attempt to determine an optimm feed pressure for attaining | 
maximum penetration rates. Results are found on the drill hole in- 
formation sheets, pages 13 to 26. and Table II, page 29. The optimm 
feed pressure (best penetration rate) varied for each bit. Testing 
indicated that the clearance angle of each bit governs the feed 
pressure needed to attain the best penetration rates. On page 42. 


Figure 1 is a drawing of a typical drag bit. 


Variation of feed pressure with some bits did not make a 
significant difference in penetration rates. These bits had about 
the same penetration rates with 700 psi as with 1,000 psi. This 


pressure is hydraulic gauge pressure in pounds per square inch. 
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TABLE I 


PHASE TWO - COMPARISON OF FEED PRESSURE (psi) AND PENETRATION 
RATES (feet/minute) WITH THE BOOSTER COMPRESSOR CONNECTED 


BIT 





#4 Standard 

#8 Standard 

#8 Standard 

#8 Standard 

Gault Reground (Relieved) 
Gault Reground (Not Relieved) 


eG rie eo 
1-4 - 280 
2-4 - 25° 
i al sie A 
3-4 - 18° 
Sohne 80 


Kay Resharpened 
Gault Resharpened (Relieved) 


FEED PRESSURE* PENETRATION RATE 
(Psi) (feet/minute) _ 
700 4.47 
700 aeUL 
700 4.97 
700 4.52 
700 5 .8é, 
700 4.86 
700 652 
700 4.00 
700 4.72 
700 5.88 
700 6.04 
700 5.94 
700 aes) 
700 v G5 


* First 14 holes were drilled at a constant 


which bit performed best at this pressure. 
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TABLE II 


PHASE ‘TWO _- COMPARISON OF FEED PRESSURE (psi) AND PENETRATION 


RATES (feet/minute) WITH THE BOOSTER COMPRESSOR DISCONNECTED 


FEED PRI'SSURE PENETRATION RATES 
BIT (psi) (feet /minute) 

1-8 - 22° 800 6.31 (ry) 

800 5.90 (Wet) 
900 4.73 
1,000 4.65 
2-8 - 24° 800 4.37 
900 NA de 
1,000 4.41 
2-4 =» 25° &00 ES hs, 
900 4.39 
1,000 4.50 
3-4 - 18° 800 5.45 
900 Be d5 
1,000 S207 
3-8 - 18° 800 5.98 
900 Beak 
1,000 6.02 
New Standard 8 (Anvil Points Grind*) 700 3.68 
800 3.04 
Gault (Resharpened) 700 4.73 
S00 4.97 
900 bey 
1, 000 4.86 
Gault (Resharpened-cracked insert) 700 4.74 
1-8 Standard 900 4.13 
1,100 4.80 
1,300 4.17 
1,200 SSG 
900 4.41 
1,000 4.38 
1-4 Standard 900 SHE, 
1,000 DraZ 
800 3.91 
700 3619 
1-4 28° 900 4.23 
1,000 2215 


POG no 


PHASE THREE 


The third phase of this test encompassed the use of the face 
jumbo and the bits used in Phase Two at the Anvil Points mine. These 
bits had been precision resharpened to their approximate original angles. 
Bits in this section were recorded by their carbide hardness and two 
angles in degrees. The first of these angles represents the clearance 
angle measured from vertical and the second represents the clearance 
angle measured from vertical minus the rake angle (example 1-8 -32° -26°). 
Figure 1 on page 42 shows a typical four wing drag bit. Horizontal rotary 
drilling was done on a 23 hole round designed for a commercial size oil 
shale mining operation. These holes were drilled to a depth of 22 feet. 
The face cross section indicates that the face is approximately half high 


grade and half low grade, each with different drilling characteristics. 


The high grade material is relatively soft, resilient and highly 
susceptible to rotary drilling. The best penetration rates are attained 
in this material. The low grade material is hard and not as susceptible 
to rotary drilling as the high grade material. Rotary drilling in this 
material is difficult with poor penetration rates as well as poor bit life. 


This split face condition makes consistent drilling extremely difficult. 


A hole-by-hole breakdown on bit performance can be found on 
pages 31 through 36. Also included on pages 37 through 39 are horsepower 


requirements based on actual hydraulic pressure recordings. 


= 96" 


Gardner-Denver drill and bit test - horizontal rotary drilling using 
Gardner-Denver drill jumbo with J.E.D. 1 rotary drill. The rotation 


and feed pressures are hydraulic gauge pressures in pounds per square 
inch. 


Rotation: 
Hard - 110 
Soft - 170 
Hole Depth: All holes were 22 feet except cut holes which were 
24 feet. 
1. 1-8 - 32° - 26° 
+15 feet Mn* (hard) 
Collar - .36 
Drill - 8.70 minutes - 2.5 feet/minute (chipped carbides on bit) 


Pressures (psi): 
Rotation - 1,250 


Feed - 900 - 1,000 
Air “ 82 
2. 1-4 - 320 - 26° 
+4 feet Mn* (hard) 
Collar - .28 


Drill - 6.71 minutes - 3.2 feet/minute. 
Pressures (psi): 
Rotation - 1,100 
Feed .- 1,000 - 1,200 
Air = 86 
3. 2-8 - 30° - 220 
+15 feet Mi* (hard) 
Collar - .30 
‘Drill ~ 8,35 minutes - 2.6 feet/minute. 
Pressures (psi): 
Rotation - 1,200 


Feed - 1,000 - 1,200 
Air - 82 


* Mm = Mahogany marker. 
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2-8) - 30°’ ~ 22° 
+4 feet Mi (hard) 
Collar - .26 
Drill - 6.20 mimutes - 3.5 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,200 
Feed - 900 - 1,000 
Air 84 
2-4 - 30° - 240 
-6 feet Mn* (soft) 
Collar - .32 | 
Drill - 3.46 minutes - 6.35 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,400 
Feed - 1,000 - 1,100 
Air 90 
2-4 - 30° - 240 
-14 feet Mn* (soft) 
Collar - .21 
Drill - 4.50 minutes - 4.9 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,400 
Feed 800 
Air 84 
2-4 - 30° - 249 
-6 feet Mr* (soft seam) 
Collar - .23 
Drill - 4.65 minutes - 4.7 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,250 


Feed - 1,000 
Air ~ 90 


* Mm = Mahogany marker. 
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10. 


de). 


2-4 - 30° - 24° 
~8 feet Mn* (cut hole) 
Collar - 
Drill - 24 feet - 5.82 minutes - 4.1 feet/minute (chipped second carbide) 
Pressures (psi): 
Rotation - 1,000 - 1,200 
Feed - 800 
Air - 88 
3-8 - 22° - 150 
+2.5 feet Mn* (hard) (cut hole) 
Collar - | 
Drill - 24 feet - 6.66 minutes - 3.6 feet/minute 
Pressures (psi): 
Rotation - 900 - 1,000 
Feed -1,000 
Air 84 
3-8 - 22° - 15° 
+15 feet Mm* (hard) 
Collar - 
Drill - 6.84 minutes - 3.22 feet/minute. 
Pressures (psi): 
Rotation - 1,200 - 1,400 
Feed - 1,000 - 1,100 
Air 84 
3-8 - 229 - 15° 
+7 feet Mn* (hard) 
Collar - 
Drill - 6.10 minutes - 3.6 feet/minute. 
Pressures (psi): 
Rotation - 1,200 - 1,400 


Feed - 1,000 
Air “ 


* Mm = Mahogany marker. 


E Sue 







* 
: 7 4 fl « i » 
‘ : ae 
’ ' + i i 
? Rais a 7% roar in 
J 





¥ (> 4 vk vii Ata WA} Ee aa ce ie Ca 
a ake! Ga Ue naa Fh : | 


12. 


i. 


14. 


LS 


3-8 - 220 - 150 
-15 feet Mm* (soft) 
Collar - .28 
Drill - 4.28 minutes - 5.14 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,200 
Feed - 800 - 1,000 
Air - 84 
3-8 =~ 20% — 15? 
-15 feet Mm* (soft) 
Collar - .21 
Drill - 3.19 minutes - 6.89 feet/minute 
Pressures (psi): 
Rotation - 1,100 
Feed - 650 = 800 
Air 88 
3-4 = 249 - 16° 
+15 feet Mn* (hard) 
Collar - .23 
Drill - 7.02 minutes - 3.13 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,300 
Feed - 900 - 1,000 
Air 90 
344 Stan242d-R76e 
+4, feet Mm* (hard) 
Collar - .26 
Drill - 5.64 minutes - 3.9 feet/minute. 
Pressures (psi): 
Rotation - 1,200 - 1,500 


Feed - 1,000 
Air 88 


* Mm = Mahogany marker. 
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16. 


17. 


18. 


do 


3-4 - 24° - 16° 
-3 feet Mn (hard) 
Collar - .25 
Drill - 9.59 minutes - 2.29 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,500 
Feed - 750- 900 
Air - 88 
1-8 - 32° - 260 
~15 feet Mn* (soft) 
Collar - .15 
Drill - 3.40 minutes - 6.47 feet/minute 
Pressures (psi): 
Rotation - 1,200 - 1,400 
Feed - 750 - 900 
Air “ 88 
1-4 Standard Reground - 20° - 14° 
+15 feet Mm* (hard) 
Collar - .23 
Drill - 7.32 minutes - 3.0 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,200 
Feed - 900 - 1,000 
Air 92 
1-4 Standard Regound 
+4 feet Mm* (hard) 
Collar - 
Drill - 7.09 minutes - 3.1 feet/minute 
Pressures (psi): 
Rotation - 1,000 - 1,200 


Feed - 900 - 1,000 
Air 90 


* Mm = Mahogany marker. 


. 35 * 


: ‘ 
f <4 e” 
ey, : P j 
q AS (Ue ; } 

0, } be of 





20. 1-4 Standard Reground - 20° - 14° 
-3 feet Mm* (hard) 
Collar - .28 
Drill - 14.62 minutes - 1.5 feet/minute (bit very dull) 


Pressures (psi): 
Rotation - 1,100 - 1,400 


Feed - 900 - 1,000 
Air 90 
en, 1-8 Standard Reground - 21° - 15° 


-15 feet Mm* (soft) 
Collar’ - .25 
Drill - 4.4 minutes - 4.97 feet/minute 
Pressures (psi): 
Rotation - 1,000 


Feed - 650 - 800 
Air ~ 90 


* Mm = Mahogany marker. 
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BIT TEST - J.E.D.-1 JUMBO ACTUAL HORSEPOWER REQUIREMENTS 


32°T - 6°R = 26° angle +15 feet 


Rotation Pressure: 


Feed Pressure: 


hydraulic - 1,250 psi 
torque - 631 foot-lbs - 
hydraulic - 1,000 psi 
thrust - 9,045 lbs = 


32°T - 6°R = 26° angle +4 feet Mm*= 17,100 psi - 


Rotation Pressure: 


Feed Pressure: 


hydraulic - 1,100 psi 


torque - 532 foot-lbs - 
hydraulic - 1,200 psi 
thrust -13,567 lbs = 


30°T - 6°R = 22° angle + 15 feet Mm*= 17,100 psi 


Rotation Pressure: 


Feed Pressure: 


hydraulic - 1,200 psi 


torque - 598 foot-lbs - 
hydraulic - 1,200 psi 
thrust -13,567 lbs = 


30°T - 8°R = 22° angel +4 feet Mm*= 17,100 psi - 


Rotation Pressure: 


Feed Pressure: 


hydraulic - 1,200 psi 
torque - 598 foot-lbs - 
hydraulic - 1,000 psi 
thrust - 9,045 lbs - 


30°T - 6°R = 24° angle -6 feet Mm*= 11,700 psi - 


Rotation Pressure: 


Feed Pressure: 


hydraulic - 1,400 psi 
torque - 731 foot-lbs - 
hydraulic - 1,100 psi 
thrust -11,306 lbs ~ 


30°T - 6°R = 24° angle -14 feet Mm*= 7,300 psi - 


Rotation Pressure: 


Feed Pressure: 


hydraulic - 1,400 psi 


torque - 731 foot-lbs - 
hydraulic - 900 psi 
thrust - 6,784 lbs ~ 


30°T - 6°R = 24° angle -6 feet Mm*= 11,700 psi - 


Rotation Pressure: 


Feed Pressure: 


Mm = Mahogany marker. 


hydraulic - 1,250 psi 
torque - 631 foot-lbs - 


hydraulic - 1,000 psi 


thrust - 9,045 lbs - 


— a7 


Mm*= 17,100 psi - 2.5 feet/minute 


(chipped carbide) 
12.0 H.P. 
-68 H.P. 


3.28 feet/minute 
(broken carbide) 


10 317 Pe 
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- 2.63 feet/minute 
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3.55 feet/minute 
(two broken carbides) 
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6.36 feet/minute 
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4.89 feet/minute 
(broken carbide) 


20.88 H.P. 
LeOO7H SE 


4.73 feet/minute 


12.00 H.P. 
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dad 30°T - 6°R = 24° angle -8 feet Mm*= 12,000 psi - 4.12 feet/minute 
(broken carbide) 
Rotation Pressure: hydraulic - 1,200 psi 


torque ~ 598 foot-lbs —- 17.08 H.P. 
Feed Pressure: hydraulic - 800 psi 
thrust - 4,522 lbs ~ « 30.0 EP. 3 
3-8 22°T - 7°R = 15° angle -3 feet Mm*¥= 19,000 psi - 3.61 feet/minute 
Rotation Pressure: hydraulic - 1,100 psi 
torque - 532 foot-lbs - 10.12 H.P. 
Feed Pressure: hydraulic - 1,000 psi 
3-8 22°T - 7°R - 15° angle - +15 feet Mm*= 17,100 psi - 3.22 feet/minute 
Rotation Pressure: hydraulic - 1,400 psi 
torque - 731 foot-lbs - 13.92 H.P. 
Feed Pressure: hydraulic - 1,100 psi 
thrust -11,306 lbs =" 1. LO¢HVPs 
3-8 22°T - 7°R = 15° angle +7 feet Mm*= 17,000 psi - 3.6 feet/minute 
Rotation Pressure: hydraulic - 1,400 psi 
torque - 731 foot-lbs - 13.9 H.P. 
Fced Pressure: hydraulic - 1,000 psi 
thrust - 9,045 lbs ~- ,98°H.P. 
3-8 22°T - 7°R = 15° angle -15 feet Mm*= 7,300 psi - 5.1 feet/minute 
Rotation Pressure: hydraulic - 1,200 psi 
torque - 598 foot-lbs - 17.08 H.P. 
Feed Pressure: hydraulic - 1,000 psi 
3-8 22°T ~ 7°R = 15° angle -15 feet Mm*= 7,300 psi - 6.9 feet/minute 
Rotation Pressure: hydraulic - 1,100 psi 
torque - 532 foot-lbs - 15.18 H.P. 
Feed Pressure: hydraulic - 800 psi 
thrust - 4,523 lbs ~ -94 H.P. 
3-4 24°T - 8°R = 16° angle +15 feet Mm*= 17,100 psi - 3.13 feet/minute 
Rotation Pressure: hydraulic - 1,300 psi 
torque - 665 foot-lbs - 12.65 H.P. 
Feed Pressure: hydraulic - 1,000 psi 
thrust - 9,045 lbs - BM is el BB oa 
3-4 24°T - 8°R = 16° angle +4 feet Mm*= 17,100 psi - 3.9 feet/minute 
Rotation Pressure: hydraulic - 1,500 psi 
torque - 797 foot-lbs - 15.18 H.P. 
Feed Pressure: hydraulic - 1,000 psi 
thrust - 9,045 lbs a L206 nibs 


* Mm = Mahogany marker. 
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24°T - 8°R = 16° angle -3 feet Mm*= 19,000 psi 

Rotation Pressure: hydraulic - 1,500 psi 
torque 797 foot-lbs 

Feed Pressure: hydraulic - 1,000 psi 
thrust - 9,045 Lbs 

32°T - 6°R = 26° angle -15 feet Mm*= 7,300 psi 


Rotation Pressure: hydraulic - 1,400 psi 


2.29 feet/minute 


Nae 15.18 H.P. 


Pee a AE de 


6.47 feet/minute 


a 24.88 H.P. 
es liao H.P. 


11.39 H.P. 


= 83 1 Pe ae 


~ 3.16 feet/minute 


~ 11.39 H.P. 
= 86 HB. 


~ 1.5 feet/minute 


ao 13.9 HP. 


torque - 731 foot-lbs 
Feed Pressure: hydraulic - 900 psi 
thrust - 6,784 lbs 
20°T - 6°R = 14° angle +15 feet Mm*= 17,100 psi - 3.01 feet/minute 
Rotation Pressure: hydraulic - 1,200 psi 
torque - 598 foot-lbs 
Feed Pressure: hydraulic - 1,000 psi 
thrust - 9,045 lbs 
20°T - 6°R = 14° angle +4 feet Mm*= 17,000 psi 
Rotation Pressure: hydraulic - 1,200 psi 
torque - 598 foot-lbs 
Feed Pressure: hydraulic - 1,000 psi 
thrust - 9,045 lbs 
20°T - 6°R = 14° angle -3 feet Mm*= 17,000 psi 
Rotation Pressure: hydraulic - 1,400 psi 
torque - 731 foot-lbs 
Feed Pressure: hydraulic - 1,100 psi 
: thrust -11,306 lbs 


21°T - 7°R = 15° angle -15 feet Mm*= 7,300 psi 
Rotation Pressure: hydraulic - 1,000 psi 
torque - 465 foot-lbs 


Feed Pressure: hydraulic - 800 psi 
thrust - 4,523 lbs 


Mm = Mahogany marker. 


ple 


- 51 H.P. 


- 4.98 feet/minute 


~~15.28 H.P. 


= 68 H.P. 
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SUMMARY : 


The third phase dealt with the testing of precision sharpened 
drag bits on the Anvil Points mine face jumbo. These bits were used to 
drill horizontal holes for a commercial size round. The biggest problen 
in the drilling of a face round is the difference in drilling characteristics 
from high to low grade oil shale. The face round is half high and half low 


grade. 


Results from this phase indicate that rotary drilling of high 
grade oil shale attains good penetration rates. Slower penetration rates 
were attained in the low grade shale. Bit life in the high grade shale 
was far better than in the low grade shale. 


In this test, chipping of the carbides in certain bits became a 
problem, although it did not seem to slow down the penetration rates. 


The horsepower requirements for each individual hole are listed 
on pages 37 through 39. These are samewhat low compared to previous tests 
at other oil shale mines. 
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CONCLUSION : 


The drill and bit test indicated that straight rotary drilling 
with conventional drag bits attained the best penetration rates. The 
rotary percussion drilling, using the Mission Megadrill, performed poorly 
which was mainly due to the lack of rotary percussion type bits or some 
other bit type that would hold up under percussion drilling. Future test- 
ing with rotary percussion type drilling equipment should be looked into. 


Feed pressure control indicated that the bit's clearance angle 
ie) che governing factor in the amount of feed pressure needed to attain 
the best penetration rates. Different bits with different clearance angles 
performed best at varying pressures. Some bits performed well at all feed 


pressures. 
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FIGURE 1 


4 INCH DRAG BIT 





“RAKE ANGLE 


FACE CUTTING 


CLEARANCE ANGLE 


ANGLE 


SIDE TAPER 
ANGLE 
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PARAHO DEMONSTRATION PROJECT 
GARDNER-DENVER ALL HYDRAULIC ROTARY 
PERCUSSION DRILL TEST 
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GARDNER-DENVER ALL HYDRAULIC ROTARY PERCUSSION DRILL TEST 


INTRODUCTION: 


For two weeks in January of 1976, Gardner-Denver Company 
furnished a prototype all hydraulic rotary percussion drill jumbo for 
testing at the Paraho Demonstration Project's Anvil Points mine near 
Rifle, Colorado. The total cost of the test was assumed by the Gardner- 
Denver Company. 


This test was conducted in an area of the mine where a 
complete section of the face was accessible. Both high grade (soft) 
and low grade (hard) zones were drilled. Gardner-Denver came prepared 
with an ample supply of bits, both percussion and rotary percussion in 


sizes up to 4". 


PHYSICAL SETTING AND PHYSICAL PROPERTIES OF THE ROCK: 


The rich shale drilled in this test was 7 to 15 feet below 
the Mahogany marker. Oil content of this rock ranges from 21 to 86 
gallons per ton with rock compressive strengths ranging from 8,000 to 
16,500 pounds per square inch. The rich shale is weak rock having a 
low modulus of elasticity and a high Poisson's ratio. Percussion energy 
from percussion or rotary percussion drilling is apparently easily 
dissipated in this type of rock. For this reason, penetration rates in 
the rich shale are lower for percussion or rotary percussion drilling 
than for straight rotary drilling. 
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The lean shale zones predominately lie above and immediately 
below the Mahogany marker. The lean shale is strong having a high modulus 
of elasticity and a low Poisson's ratio. The lean zones drilled in this 
test are near the Mahogany marker. Oil content of this rock ranges from 
9 to 16 gallons per ton with rock compressive strengths ranging from 18,000 
to 24,000 pounds per square inch. | 


Rotary percussion drilling in lean shale zones attains higher 


penetration rates than straight rotary or percussion drilling. 


EQUIPMENT : 


Gardner-Denver Company furnished : Universal -3 diesel powered 
jumbo carrier equipped with electric powered hydraulic systems to test two 
HPR-1 all hydraulic rotary percussion drills. The electric motors used to 
power the hydraulic systems are each rated at 75 horsepower. Each drill 
develops 400,000 to 500,000 foot pounds of energy per minute, depending on 
the percussion stroke setting. The Pacer function of the drill machine 
can be adjusted to one of four settings. These settings with approximate 


blows per minute, foot pounds per blow and foot pounds per minute are found 


in Table I. 
TABLE I 
GAUGE SETTING ata 
HYDRAULIC PRESSURE BLOWS PER FOOT POUNDS FOOT POUNDS 
IN LBS/SQ_INCH MINUTE PER BLOW PER MINUTE 
1,500 2,500 200 500,000 
1,000 3,000 ita 498 , 000 
750 3,500 133 465,500 


0 4,000 100 400 , 000 
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Gardner-Denver indicated that the jumbo and drills, as a 
unit, were not specifically designed for drilling in oil shale. Although 
the unit was not designed for drilling in oil shale, it is felt that 
hydraulic rotary percussion drilling will have some type of application in 
the development of oil shale. 


Resharpening of bits was possible as Gardner-Denver furnished 
a bit grinding machine. This made testing of various bits with different 
angles possible. 


TEST RESULTS : 


As a whole, penetration rates attained in this test were 
equivalent to those of previously tested rotary percussion drills. 
Table II (pages 6,7,8 & 9) lists various sized bits tested in different 
shale horizons (+ Mahogany marker) with the four percussion stroke settings. 
The bits are both percussion and rotary percussion type ranging in size 
from 2" to 4''. Graphs were plotted with respect to the four percussion 
stroke settings as well as penetration rates versus oil shale grades. 
Along with these erades are the approximate corresponding compressive 
strengths. These are included on pages 10, 11, 12 and 13. All the 
penetration rates on these graphs are for 4" bits. Most of the larger 
bits tested (3" to 4'') were of the percussion type. After testing of 
the percussion bits, some of them were reground to simulate rotary per- 
cussion type bits. Overall, rotary percussion type bits attained the 


best penetration rates but a few percussion type bits did drill as fast. 
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TEST RESULTS : 


The best penetration rates in all areas drilled (hard 
and soft) were attained while drilling on percussion stroke settings 
of 1,500 and 1,000 psi. These two settings have the fewest blows 
per minute but the most foot pounds per blow. This would indicate 
that there is a direct relationship between the amount of energy 


introduced and the penetration rates attained. 


The bit type made a large difference in the penetration 
rate. Percussion bits reground to simulate rotary percussion type bits 
attained the best penetration rates. More testing with different bit 
angles needs to be done in order to substantiate the optimm of angles 
for the drilling of oil shale. 


CONCLUSION: 


The Gardner-Denver HPR-1 all hydraulic rotary percussion 
drill performed well in the low grade shale zones but penetration rates 
in the high grade shale zones were poor. Overall drill potential seems 
to be good but combined with inadequate bit design, overall penetration 
rates do not meet those of conventional rotary drilling. 


RECOMMENDATIONS : 


Gardner-Denver has a larger prototype all hydraulic rotary 
percussion drill in the building stages. It is suggested that when this 
unit is available that it be tested in the drilling of oil shale. 
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Bit design, with respect to rotary percussion type for 
drilling experiments in oil shale, is far behind drill development. 
It is recommended that a major bit manufacturer be persuaded to 
enter these experiments with new bit designs. 
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TIME TO 

BIT* | + MAHOGANY DRILL 12' FEET PER 

SIZE — MARKER (Minutes) MINUTE 
ee -7 1g a 6.49 
a ~3 2.04 5.88 
a. +] inte 5.10 
2 -1 2.10 Sisk 
2 -2 185 6.49 
fhe -7 2.20 5.45 
a -11 2.36 5.04 
2S -15 4.57 2.63 
2 -15 eal 2.30 
aS -11 2.20 4.71 
eM -5 3.84 hg 
3" -5 5.70 3.19 
a -5 3.22 J a00 
a -3.5 2.50 4.80 
oy -3.5 2.26 Bea 
a -3.5 2.66 4.51 
SV -3.5 = AR: | 3 BS 
oy 0 Say ss 3.71 
a" 0 2.90 3.14 
a. 0 520 3.64 
a 0 4.34 2.76 
ay +105 3.70 3.24 


TABLE II 


CONVERSION TO 
4" BIT TIME 
(Feet /Minute) 
2750 
2.08 
1.81 
2.02 
2.30 
93 
1.78 
Ae 
81 
1.68 


2.03 
2.07 
2.42 
acta 
3.45 
2.93 
2.49 
2.41 
2.04 
2.37 
1.79 
2a 


* Bits are both percussion and rotary percussion type. 
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PERCUSSION 
HAMMER STROKE 
SETTING 
750 
750 
750 
1,000 
1,000 
1,000 
1,000 
1,000 
750 
750 
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tinued) 
TIME TO 
BIT* + MAHOGANY DRILL 12' FEET PER 
SIZE MARKER (Minutes) MINUTE 
4M +1 Bee 3.06 
4M +h PE by, 3.04 
4M -6 oad S025 
4" “FL 4.92 2.44 
4" -14 6.45 1.86 
4" -3 SoU 3.43 
2*5 -14 2.65 4.53 
25 -14 5350 Spey 
2*5 -14 3.46 3.47 
2%5 -14 3.43 3.50 
2% -11 2295 ep 
2"5 -11 2.64 4.54 
25 -11 2.60 4.62 
275 -11 3.78 “Fu 
275 -8 2.80 4.28 
25 -8 Sie 3.76 
2's -8 3.60 e088) 
2" -8 2.07 5.80 
abe -1 3.3/7 Sess) 
Ch ~-1 5 3.41 
ae -1 4.05 2296 
oe -3 3.10 abe W 


* Bits are both percussion 
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CONVERSION TO 


4" BIT TIME 


(Feet /Minute ) 
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3.04 
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and rotary percussion type. 


PERCUSSION 
HAMMER STROKE 
SETTING 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 


1,500 

1,000 

750 
“05 
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TABLE IL 
(Continued) 


TIME TO CONVERSION TO PERCUSSION 
BITS +MAHOGANY DRILL 12' FEET PER = 4" BIT TDE HAMMER STROKE 
SIZE _ MARKER (Minutes) MINUTE (Feet /Minute) SETTING 

3" “3 2.66 4.51 2.93 1,000 
3" = 0°63 4.56 2.96 750 
3" si cps 3.81 2.48 -0- 

3" "7 735 5.15 3.35 1,500 
3" He bw 4.96 3.22 1,000 
3" as 2.62 4.58 2.98 750 
3" Ts 3.50 3.43 2.23 -0- 

3" “ail 2.78 4.32 2.80 1,500 
3" =f 2.87 4.18 hap 1,000 
3" “uh capa si! 2.42 750 
3" = (coy fh 2.83 1.84 -0- 

3" = 3.78 ey 2.06 1,500 
3" 5 4.05 2.96 1.92 1,000 
3" Snee 4.80 2.50 1.62 750 
3" ats 6.63 1.81 1.18 “0s 

4" 1 3.50 3.43 aes 1,500 
4 Si 4.25 2.82 2.82 1,000 
4" a 4.28 2.80 2.80 750 
4M ef 4.90 2.45 2.45 “ioe 

AN ihe ape 3.59 3.59 1,500 
4" ee 3.00 4.00 4.00 1,000 


* Bits are both percussion and rotary percussion type. 
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TABLE II 


(Continued) 
TIME TO CONVERSION TO PERCUSSION 
BIT* + MAHOGANY DRILL.12' FEET PER 4" BIT TIME HAMMER STROKE 

q" -3 Buod 3.61 3.61 750 
qi -3 4.12 291 2.91 -0- 

a -7 3.90 3.08 3.08 1,500 
Le -6 4.20 226) 2.85 1,000 
4 -6 4.47 2.68 2.68 750 
i -6 Dees 2.29 2.29 -Q- 

qi -10 4.42 PAD Be Zonk 1,500 
4' -10 SoU 2.38 2.38 1,000 
4" -10 4.80 2.50 2750 750 
4" -10 6.50 1.85 1.85 -0- 

as -15 8.00 Leu 0 1,500 


Conversion factor to 4'' bit penetration rates: 3'' to 4" x .650 
23! to 4" x .495 
2%'' to 4'!' x .442 
2bieo 4tring 3354 


* Bits are both percussion and rotary percussion type. 


GARDNER-DENVER ALL HYDRAULIC ROTARY PERCUSSION DRILL TEST 


Results with 0 psi percussion hammer stroke gauge setting, 4,000 blows 
per minute at 100 foot pounds per blow. All penetration rates are for 
4" bits. 
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Face location with respect to Mahogany marker with 
approximate grade and compressive strength in the 
following Table: 
Face Location (f Mn) -1 -3 -7 -11 -15 
Grade (gal/ton) 29 bie 46.3 21.4 86.6 


Approximate Compressive 
Strength (lbs/sq in) = 24,000 23,000 9,500 16,500 8 ,000 
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GARDNER- DENVER ALL HYDRAULIC ROTARY PERCUSSION DRILL TEST 


Results with 750 psi percussion hammer stroke gauge setting, 3,500 blows 
per minute at 133 foot pounds per blow. All penetration rates are for 4"' 
DLS: 


Penetration Rates (ft/min) 
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Face location with respect to Mahogany marker with 
approximate grade and compressive strength in the 
following Table: / 


Face Location (+ Mn) -1 -3 -7 -11 -15 
Grade (gal/ton) 9.9 1,1 46.3 21.4 86.6 


Approximate Compressive 
Strength’ (lbs/sq in) | 24 ,000 23,000 - 9,500 16,500 8,000 
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GARDNER- DENVER ALL HYDRAULIC ROTARY PERCUSSION DRILL TEST 
——$——— REE ERUUSO LUN DALLL TROT 


Results with 1,000 psi percussion hammer stroke gauge setting, 3,000 
blows per minute at 166 foot pounds per blow. All penetration rates 
are for 4" bits. 


Penetration Rates (ft/min) 
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Face locationwith respect to Mahogany marker with 
approximate grade and compressive strength in the 
following Table: 


Face Location (+ Mn) -1 -3 -7 -11 -15 
Grade (gal/ton) 9.9. it Abe ee 86.6 


Approximate Compressive 
Strength (lbs/sq in) 24,000 23,000 9,500 16,500 8,000 
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GARDNER-DENVER ALL HYDRAULIC ROTARY PERCUSSION DRILL TEST 
—$—$———— EE UU LUN DELL, TOT 


Results with 1,500 psi percussion hammer stroke gauge setting, 2,500 
blows per minute at 200 foot pounds per blow. All penetration rates 
are for 4" bits. 
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+5 0 -5 -10 -15 -20 
Face location with respect to Mahogany marker with 
approximate grade and compresssive strength in the 
following Table: 
Face Location (+ Mn) -1 -3 -7 -11 -15 
Grade (gal/ton) 9.97 Le 46.3 21.4 86.6 


Approximate Compressive 
Strength .(1bs/sq in) 24,000 23,000 9,500 16,500 8,000 
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INGERSOLL-RAND TEST 


1. INTRODUCTION 


This test was conducted at the Paraho Demonstration Project's 
Anvil Points mine near Rifle, Colorado. 

The section of oil shale being mined consists of both rich and 
lean zones with an average oil content of about 30 gallons per ton. 
Drillability of rich and lean shale zones differs greatly as each has 


definite physical characteristics. 
2. PHYSICAL SETTING AND PHYSICAL PROPERTIES OF THE ROCK 


The bulk of the rich shale zones lie below the Mahogany Marker 
but the rich zone drilled in this test was seven to nine feet above the 
Mahogany Marker. The oil content in this rock is 33 to 38 gallons per ton 
with rock compressive strengths ranging from 10,000 to 12,000 pounds per 
square inch. The rich shale is weak rock having a low modulus of elasticity 
and a high Poisson's Ratio. Percussion energy of percussion or rotary- 
percussion drilling is apparently easily dissipated in this type of rock. 
This is why in the rich shale the penetration rate is lower for percussion 
or rotary-percussion drilling than for rotary drilling. 

The lean shale zones predominately lie above and inmediately 
below the Mahogany Marker. The lean shale is strong and has a high modulus 
of elasticity and a low Poisson's Ratio. The lean zones used in this test 


are near the Mahogany Marker. The oil content in these zones ranges 
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from 8 to 24 gallons per ton with compressive strengths ranging from 
15,000 to 20,000 pounds per square inch. Rotary-percussion drilling 
in lean shale zones seems to attain higher penetration rates than 


Straight rotary or percussion drilling. 
3. EQUIPMENT 


Ingersoll-Rand Company furnished a 96 M.J.M. diesel powered 
jumbo carrier equipped with an electric powered hydraulic system to test 
a Hard III all hydraulic rotary-percussion drill. The electric motor used 
to power the hydraulic system is rated at 150 H.P. The drill develops 
600,000 foot pounds of energy per minute. Input horsepower ratings used 


in the hammer, rotation and thrust are as follows: 


1. HAMMER: 40.00 H.P. 
2. ROTATIONS 8 /oeHr, 
3. THRUST: Le SOSH LP: 

TOTAL 50, 29-8. P., 


This drill was tested on four different days with twenty-eight holes 

drilled. The holes are recorded under the date drilled in Table I. Table 

II compares penetration rates of percussion cross bits to penetration rates 
of ground percussion cross bits. One 1-7/8" bit was not ground as it was 

a rotary-percussion bit. The 3'' bits were ground dow to simulate a rotary- 
percussion bit. As can be seen in the table, an increase in penetration 
rates were attained with the ground percussion bit. Most penetration rates 
for the ground percussion bits doubled the penetration rates for the straight 


percussion bits. Only 3" and 1-7/8" bits are included in Table II. 
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Tables III and III-A are plots of penetration rates against 
grade (gallons per ton) of oil shale rock. All mumbers on the plots are 
recorded penetration rates for a 3"' bit or calculated rates from other 


size bits. 
4. CONCLUSION 


The Ingersoll-Rand Hard III rotary-percussion drill performed well 
in the lean shale zones but penetration rates in the rich shale zones 
were poor. Overall drill potential seems to be good but combined with 
inadequate bit design and poor bit supply, overall penetration rates do 


not meet those of conventional rotary drilling. 
5. RECOMMENDATIONS 


It is recommended that Ingersoll-Rand meet with The Cleveland- 
Cliffs Iron Company to discuss future potential for their rotary percussion 
unit. 

Bit design and supply with respect to rotary-percussion type 
drills for drilling experiments in oil shale rock are far behind drill 
development. It is recommended that a major bit manufacturer be persuaded 
to enter these experiments with new bit designs and adequate supplies 
of bits. 

Recommendations regarding the Ingersoll-Rand 96 M.J.M. jumbo's 
hydraulic system are to utilize the rigs two hydraulic pumps by separating 
the feed hydraulic's system from the drill hydraulic's system. This 
would increase the feed and drill pressures which, in turn, would hopefully 


increase penetration rates. 
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TABLE I 


Ingersoll-Rand Drilling Test Results 


8-21-75 
#1 + Mahogany Marker +2.5 feet 
Bit - 3" Percussion Cross Bit 
Collar - Not available 
Drill - 7 feet in 3.84 minutes = 1.82 feet/minute 
Retract - Not available 
#2 * Mahogany Marker +1.0 foot 
Bit - 3" Percussion Cross Bit (same bit as above) 
Collar - Not available 
Drill - 10 feet in 2.48 minutes = 4.03 feet/minute 


Blew hydraulic pump seals 


9-2-75 
ALL HOLES DRILLED WITH A 4'' PERCUSSION CROSS BIT 
#1 + Mahogany Marker +1.0 foot 
Collar- .08 minutes 
Drill - 10 feet in 5.09 minutes = 1.96 feet/minute 
Retract - .32 minutes 
Pressures - PSI: 
Feed - 1250 
Drill - 3150 
Rotary - Not available 
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#2 + Mahogany Marker -1'2"' 
Collar - .10 minutes 
Drill - 10 feet in 7.04 minutes = 1.42 feet/minute 
Retract - Not available 
Pressures - PSI: 
Feed - 1250 
Drill - 3150 
Rotary - Not available 
#3 + Mahogany Marker - 2'4" 
Collar - .09 minutes 
Drill - 10 feet in 6.65 minutes = 1.50 feet/minute 
Retract - .35minutes 
Pressures - PSI: 
Feed - 1250 
Drill - 3150 
Rotary - Not available 


#4 + Mahogany Marker + 5'7" 
Collar - .07 minutes 
Drill - 10 feet in 9.38 minutes = 1.07 feet/minute 
Retract - .36 minutes 
Pressures - PSI: 
Feed - 1600 
Drill - 3150 
Rotary - Not available 
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#5 + Mahogany Marker + 10'2'"' 
Collar - .22 minutes 
Drill - 10 feet in 8.19 minutes = 1.22 feet/minute 
Retract - Not available 
Pressures - PST: 
Feed - 1500 
Drill -. 2900 
Rotary - Not available 


9-3-75 
#1 + Mahogany Marker -1'2" 
Collar - .10 minutes 
Drill - 10 feet in 4.69 minutes = 2.13 feet/minute 
Retract - .31 minutes 
Pressures - PSI: 
Feed - 1700 
Drill - 3050 
Rotary - Not available 


Bit - 2 1/2'' Percussion Cross Bit 


#2 + Mahogany Marker - 3'2" 
Collar - .09 minutes 
Drill - 10 feet in 5.90 minutes = 1.69 feet/minute 
Retract - Not available 
Pressures - PSI: 
Feed - 1400 
Drill - 3050 
Rotary - Not available 
Bit - 2 1/2"' Percussion Cross Bit 
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#3 * Mahogany Marker - 1.0 foot 
Collar - .12 minutes 
Drill - 10 feet in 3.07 minutes = 3.25 feet/minute 
Retract - Not available 
Pressures - PST: 
Feed - 1450 
Drill - 3050 
Rotary - Not available 
Bit - 3'' Button Bit 
#4 + Mahogany Marker - 4'3" 
Collar - .10 minutes 
Drill - 10 feet in 4.35 minutes = 2.29 feet/minute 
Retract - Not available 
Pressures - PSI: 
Feed - 1450 
Drill - 2950 
Rotary - Not available 


Bit - 3'' Button Bit 


#5 + Mahogany Marker - 2'3"' 
Collar - 10 minutes 
Drill - 10 feet in 4.36 mimutes = 2.29 feet/minute 
Retract - 36 minutes 
Pressures - PSI: 
Feed - 1450 
Drill - 3150 
Rotary - Not available 


Bit - 3'' Button Bit 





#6 + Mahogany Marker - 8!’ 
Collar - .07 minutes 
Drill - 10 feet in 4.75 minutes = 2.10 feet/minute 
_ Retract - .38 minutes 
Pressures - PSI: 
Feed - 1400 
Drill - 3000 
Rotary - Not available 
Bit - 3'' Percussion Cross Bit 
#7 ++ Mahogany Marker +4! 
Collar - .09minutes 
Drill - 10 feet in 5.77 minutes = 1.73 feet/minute 
Retract - Not available 
Pressures - PSI: 
Feed - 1450 
Drill - 3000 
Rotary - Not available 
Bit - 3'' Percussion Cross Bit 
9-16-75, 
#1 + Mahogany Marker -9"' Oil Content - 10.9 Gal/Ton 
Collar - Not available 
Drill - 10 feet in 2.09 minutes = 4.78 feet/minute 
Retract - Not available 


Pressures ~ psqT. 


Feed - 1450 
Drill - 1450 
Rotary - 3000 


Bit - 3'' Ground Percussion Bit 
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#2 + Mahogany Marker +10' Oil Content - 14.6 Gal/Ton 
Collar - .11 minutes 
Drill - 10 feet in 2.48 mimutes = 4.03 feet/minute 
Retract - .33 minutes 


Pressures - PSI: 


Feed - 1350 
Drill - 1450 
Rotary - 2950 


Bit - 3" Ground Percussion Bit 

#3 + Mahogany Marker +2' Oil Content - 18.2 Gal/Ton 
Collar - .12 minutes 
Drill - 10 feet in 2.52 minutes = 3.96 feet/minute 
Retract - .36 minutes | 


Pressures - PSI: 


Feed - 1350 
Drill - 1400 
Rotary - 2800 


Bit - 3'' Ground Percussion Cross Bit 


#4 + Mahogany Marker -9!' Oil Content - 8.0 Gal/Ton 
Collar - Not available 
Drill - 10 feet in 3.42 minutes = 2.92 feet/minute 
Retract - .35 minutes 


Pressures - PSI: 


Feed - 1250 
Drill - 1500 
Rotary - 2750 


Bit - 4'' Ground Percussion Cross Bit 
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#5 + Mahogany Marker +7'4"' Oil Content - 38.4 Gal/Ton 
Collar - Not available 
Drill - 10 feet in 9.03 minutes = 1.10 feet/minute 
Retract - .39 minutes 


Pressures - PSI: 


Feed - 1250 
Drill - 1500 
Rotary - 2650 


; Bit - 4" Ground Percussion Cross Bit 

#6 + Mahogany Marker +7! 
Collar - .08 minutes 
Drill - 10 feet in 4.21 minutes = 2.37 feet/minute 
Retract - .31minutes 


Pressures - PSI: 


Feed - 1350 
Drill - 1300 
Rotary - 2700 


Bit - 3'' Ground Percussion Cross Bit 


#7 + Mchogany Marker +7'2" Oil Content - 33.1 Gal/Ton 
Collar - .11 minutes 
Drill - 10 feet in 3.41 minutes = 2.93 feet/minute 
Retract - .31 minutes 


Pressures - PSI: 


Feed - 1600 
Drill - 1550 
Rotary - 3150 


Bit - ay Ground Percussion Cross Bit 
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#8 + Mahogany Marker +10' Oil Content - 21.4 Gal/Ton 
Collar - .10 minutes 
Drill - 10 feet in 2.82 minutes = 3.54 feet/minute 
Retract - .37 minutes 


Pressures - PSI: 


Feed - 1750 
Drill - 1800 
Rotary - 3200 


Bit - 3'' Ground Percussion Cross Bit 


# 9 and 10 

4" Button Bit - bit would collar the hole but no penetration was 
attained. Bit was tried in both lean and rich shale zones. 
#11 + Mahogany Marker +8' 

Collar - .07 minutes 

Drill - 10 feet in 4.45 minutes = 2.24 feet/minute 

Retract - Not available 


Pressures - PSI: 


Feed - 1250 
Drill - 1600 
Rotary - 3150 


Bit - 1 7/8" -X-Bit - Bit plugged. 

#12 + Hatssany Mier or halos Oil Content - 24.4 Gal/Ton 
Collar - .08 minutes 
Drill - 10 feet in 4.23 minutes = 2.36 feet/minute 


Retract - Not available 
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Pressures - PSI: 


Feed - 1250 
Drill - 1500 
Rotary - 2950 


Bit - 1 7/8'' -X-Bit - Bit plugged. 
#13 + Mahogany Marker +7'5"' Oil Content - 38.0 Gal/Ton 
Collar - .10 minutes 
Drill - 10 feet in 2.35 minutes = 4.25 feet/minute 
Retract - Not available 


Pressures - PSI: 


Feed - 1250 
Drill - 1500 
Rotary - 3150 


Bit - 1 7/8" Rotary Peerieeion Bit 

#14 + Mahogany Marker -8"' Oil Content - 22 Gal/Ton 
Collar - .11 minutes 
Drill - 10 feet in 1.60 minutes = 6.25 feet/minute 
Retract - Not available 


Pressures - PST: 


Feed - 1250 
Drill - 1500 
Rotary - 3150 


Bit - 1 7/8'' Rotary Percussion Bit 
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TABLE II 


Comparison of Penetration Rates 


Between Percussion Cross Bits and Ground Percussion Cross Bits 
———————— ee EES  STOUNC FErcussion Cross bits 


Bit 


3" Percussion Cross Bit 


3" Percussion Cross Bit 


3'' Ground Percussion Cross Bit 


3"' Percussion Cross Bit 


3"' Ground Percussion Cross Bit 
3'' Ground Percussion Cross Bit 
3'"' Ground Percussion Cross Bit 


3'' Ground Percussion Cross Bit 


3'' Percussion Cross Bit 


1-718) 
1-7/8" 
1-7/8" 
1-773 


Percussion Cross Bit 
Percussion Cross Bit 
Rotary Percussion Bit 


Rotary Percussion Bit 


+ Mahogany Marker 


+4' 0" 
+2' 5"! 
eed 
+1' 0" 
-9!' 
ati 
sy vk 
+1072" 
-8"' 


oie 
+8! 0" 
+7" 5" 

-3" 


ite 


Penetration 


Feet /Minute 


P73 


Gallons/Ton 

Not available 

Not available 
oe2 

Not available 
10.9 

Not available 
p3.1 
21.4 


Not available 


24.4 
Not available 
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TABLE IIT 
INGERSOLL-RAND COMPANY ROTARY PERCUSSION DRILLING 
ae pe a: aL SRT SOI TET SPS SIRE OE ae Sere eer ees er 


Plot of Penetration Rates Against Grade (Gal. /Ton) of Oil Shale Rock 


© ACTUAL 3" BIT 


ZA CALCULATED TO 3" BIT 
ZN POINT NOT INCLUDED IN 
CALCULATION OF CURVE 


10 20 30 40 
GALLONS/TON 
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TABLE III-A 
INGERSOLL-RAND COMPANY ROTARY PERCUSSION DRILLING 


Projected Penetration Rates For 4-%'' Bit 


GALLONS / TON 


(c} 
ol 


ALL NUMBERS CALCULATED 


POINT NOT INCLUDED IN 
CALCULATION OF CURVE 


JOY DRILL AND BIT TEST 
DECEMBER, 1975 


BY 


H.W. MOULTON 
GEOLOGICAL ENGINEER 
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JOY DRILL AND BIT TEST 


INTRODUCTION : 


On December 8, 1975, a Joy Mustang track drill, equipped with a 
Joy V.C.R. valveless, rotary percussion drill, was tested at the Paraho 
Demonstration Project's Anvil Points Mine near Rifle, Colorado. The Joy 
Mustang track drill, including all the equipment and freight charges, was 
furnished at no expense by Farris Equipment Company of Denver, Colorado. 


Vertical holes were drilled in the floor with the hole collar 
located approximately 20 feet below the Mahogany Marker. These holes were 
drilled in medium and high grade shale. 


EQUIPMENT: 


The V.C.R.-280 is a valveless continuous rotation drill which 
consumes 1,200 cubic feet of air per minute at an air pressure of 100 pounds 
per square inch. The hammer operates (percussion) at 2,000 blows per minute 
with 386 foot pounds per blow. Rotation speed is variable with a maximm 


rotation of 300 revolutions per minute. 


Air to operate the drill is supplied by a Joy RPS-1300 diesel- 
powered air compressor. This compressor is towed in back of the drill. 
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TEST RESULTS : 


Two types of bits were tested. A 4'' button bit was tested with 
poor results. Drilling rates averaged 2.2 feet per minute. The second bit 
tested was a percussion cross bit resharpened to simulate a rotary percussion 
bit. Twenty holes were drilled with this bit attaining an average penetration 
rate of 4.6675 feet per minute. (See Figure #1). 


The average penetration rate combined with a potentially long bit life 
(one bit drilled 20 holes (360 feet) at 4.6675 feet/minute) makes this Joy drill 
and bit combination competitive with other drills investigated for use in future 
oil shale mining operations. One drawback noted during the drilling test was 
the amount of noise produced during the drilling cycle. 


Table I is a detailed summary of the time taken to drill each hole. 
The holes are listed in the order they were drilled. 


The operator performing the test was a demonstration operator employed 
by Joy. 


Future study on the application of this type of drilling (rotary- 
percussion) to oil shale operations should be undertaken. 


COST ESTIMATES : 


An estimate of operating labor and supplies and maintenance labor 
and supplies is attached. 


Ww/ve 
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THE CLEVELAND - CLIFFS IRON CO. 
WESTERN DIVISION 


PROJECT: JOY DRILLING TEST 


LOWER LEVEL MINING - 3,450 TONS/DAY 23,000 TONS/WEEK 


OPERATING COST =- DRILLING (WET ROTARY) 


A. OPERATING LABOR 








Job Description Men Per Shift Total Shift Cost Per 
Shift Schedule Shifts Rate Week 
Drill Operator ($5.33) _] 3.3 p33 $42.64 $ ie # 
Bit Sharpener 42.32 set 
Sub arti $ ‘ES 
Contributions @ 35% 97 
Contributions for Absenteeism 
@1.4% 4 
Total Lahor Cost $ A 
Cost per Ton £0164 


B. OPERATING & MAINTENANCE SUPPLIES 




















1. Drill Steel = 2818 ft drilled/wk x $.028 /ft drilled = § 1h 
2. Bits = 2818 ft drilled/wk x $.037 /ft drilled « Uae 
3. Detergent = 2818 ft drilled/wk x $.0005/ft drilled = 1 
4. Compressor = 25.8 drilling hrs/wk x $ 6.17/drilling hr = 159 
3» Drill Unit & Carrier = 
a) Drilling = 25.8 drilling hrs/wk x $4.80 /drilling hr = 124 
b) Place Change = _1_ place change hrs/wk x $3.31 / 
place change hr = 3 
6. Water = 2818ft drilled/wk x .19 gals/ft drilled x 
$.0005/gal = 1 
7. Grinding Wheels = 2818ft drilled/wk x $.001 /ft drilled = 2 
8. Miscellaneous (Bits, lube, wrenches, paint, etc.) 
11.74rounds/wk x $2.94 /round i 2 
Total Supply Cost $ 475 
Cost per Ton 0206 


LABOR COST/TON = $0.0270 
SUPPLY COST/TON = $0.0206 


ESTIMATED TOTAL 
COST/TON = $0.0476 











THE CLEVELAND - CLIFFS IRON CO. 
WESTERN DIVISION 


PROJECT; JOY DRILLING TEST 





LOWER LEVEL MINING - 3,450 TONS/DAY 23,000 TONS/WEEK 


MAINTENANCE COST - DRILLING (WET ROTARY) 


A. MAINTENANCE LABOR 


1. Drill Unit & Carrier 
a) Drilling = 25.8 drilling hrs/wk x $ 7.24/drilling hr = 

b) Place Change = l_ place change hrs/wk x $ 2.43/ 
place change hr = 
2. Compressor = 25.8 drilling hrs/wk x $ 2.20/drilling hr 


Total Labor Cost 
Cost per Ton 


COST PER 


WEEK 


§ ee 














FIGURE #1 


PLOT OF AVERAGE PENETRATION RATES FROM 
20 HOLES DRILLED WITH THE SAME BIT 


PENETRATION —_}. 
RATE IN FEET ie : 
PER MINUTE 





Lo 485% FSS PO 11293 191687 Be 19°20 


20 DRILL HOLES IN THE SEQUENCE THEY WERE DRILIED. 


TARLE I 


TIME TO DRILL 

HOLE NUMBER 18 FEET 
1 5.36 
2 8.10 
3 4.45 
4 4.00 
“5 3.54 
6 3.54 
7 3.50 
8 3.64 
9 3.69 
10 3.71 
11 3.72 
12, 3.85 
13 3.90 
14 4.05 

15 3.90 . 
16 3.95 
17 4.05 
18 4.05 
19 3.90 
20 3.92 
21 3.98 
22 4.00 


FEET PER 


MINUTE _ 


3.35 
2,32 
4.04 
4.50 
5.08 
5.08 
5.14 
4.94, 
4.87 
4.85 
4.84 
4.67 
4.62 
4.44 
4.62 
4.55 
A.A 
4.44 
4.62 
4.59 
4.52 
4.50 


BIT 

4"" Ground Cross Bit 
4" Button Bit 

4"' Ground Cross Bit 
4" Ground Cross Bit 
4"" Ground Cross Bit 
4"" Ground Cross Bit 
4" Ground Cross Bit 
4" Ground Cross Bit 
4"' Ground Cross Bit 
4'' Ground Cross Bit 
4" Ground Cross Bit 
4" Ground Cross Bit 
4". Ground Cross Bit 
4"" Ground Cross Bit 
4" Ground Cross Bit 
4"" Ground Cross Bit 
4'* Ground Cross Bit 
4" Ground Cross Bit 
4"' Ground Cross Bit 
4'' Ground Cross Bit 
4"' Ground Cross Bit 


4" Ground Cross Bit 


REMARKS: Holes 3 through 20 were used to formulate the Figure #1 graph. The sare 


bit was used to drill all 20 holes. 
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PARAHO DEMONSTRATION PROJECT 
MAN/MACHINE WORK STUDIES 


Anvil Points Mine 
Rifle, Colorado 


October 1975 
PROJECT: 


Work Studies - Face Drilling 


DESCRIPTION : 
Work studies utilizing a break out of elemental times were 
used to calculate a standard cycle time for face drilling one 26 
hole round. 
PURPOSE : 
Calculate a face drilling cycle (23 hole round) for a commercial 
size mining operation. 
AUTHOR : 


W. W. Moulton 
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PROJECT LOCATION AND FULL FACE DRILLING FUNCTION 


This industrial engineering project was performed at the Paraho 
Demonstration Project's Anvil Points Mine, near Rifle, Colorado. The 
mine utilizes room and pillar mining for the extraction of oil shale rock. 
Room dimensions are 55 feet wide and 40 feet high. Figure 1, page 25 
is a drawing of the 55' x 40' face, 26 drill hole pattern. The cut 
holes are approximately 24 feet deep and the other holes are between 20 
and 22 feet deep depending upon the face configuration. Each round is 
expected to pull 20 feet. 


EQUIPMENT DESCRIPTION 


Face drilling is accomplished using a Gardner-Denver one boom 
jumbo equipped with a J.E.D.-1 rotary drill. This jumbo is mounted on 
a Mack 20 ton truck. Figure 3, page 27, is a drawing of the jumbo mounted 
on the truck. 
An electric motor rated at 75 horsepower is used to supply power 
to run the hydraulic system. Another small electric motor powers the hydraulic 
fluid cooling system. Air supplied by the piaeke air compressor and water 
are used to clean the hole. 
Table I indicates the type and manufacturer of the bits and steel 
used on the jumbo. 


TABLE I 
Item Manufacturer Size Remarks 
Bits Gault Tool Co. 4-1/4" 4-wing drag bits 


Steel Gardner-Denver Co. oy 
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STANDARD CYCLE TIME 


The face drilling cycle takes place after a heading has been 
roof bolted. Standard cycle time is the computation of the total time 
required to drill a 26 hole round. Total time is the summation of the 
elemental times derived from the timing of cycle elements. Cycle elements 
for face drilling are as follows: 

1. Rig move in - set up and tear down - move out 
2. Position and repositioning of boom at the hole location 
3. Collaring the hole 
4, Drilling the hole 
9. Retracting the drill from completed hole 
6. Bit change 


The above cycle forms the major part of the total work cycle. 

The other part of the total work cycle is made up of various delays. These 
delays are noted in the man/machine charts where they occurred in the 
drilling sequence. 

Standard industrial engineering procedures used in this analysis 
involved the calculation of mean times, standard deviation and percent 
standard deviation. In order to determine if a sufficient number of element 
cycles were recorded to allow a confidence level of 95 percent each element cycle 
was analyzed using the "'t'' test. This calculation is included on pages 
aco miln 

The man/machine time chart, pages 12 to 23, is a step by step 
breakdown of cycle element times with a cumulative time summation. This 
chart is followed by a summary sheet, page 24, which shows the total times, 
means, standard deviations and percent standard deviations for each ‘cycle 
element. , 
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ACTUAL WORK CYCLE 


CONDITIONS 
Floor - Irregular 


Face - Irregular 


POSSIBLE PRODUCTIVE WORK TIME 


(Assume 100% utilization of time) 


Allowances : 

Travel to Work 30 Minutes 
Travel to Lunch 5 Minutes 
Lunch 30 Minutes * 
Return to Work 5 Minutes 
Supervision 15 Minutes 
Personal 15 Minutes 
Travel from Mine 30 Minutes 


100 Minutes 


* Not paid and not included in total. 


Total Work Day 
8 hours or 480 minutes 480 - 100 = 380 minutes (possible 
productive work time) 
The actual work cycle times are an accumulation of cycle times 
from five different rounds. Actual work times will not be included but 
a total time is included on the man/mchine time chart and a cycle 


element breakdown is included in the summary sheet. 
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CYCLE ELEMENT (TOTALS) 
For a 26 hole round the following numbers are averages taken from the 


actual work times. 


1. Move in - set up - tear dowm 


move out (25.56 minutes each) 51.12 Minutes 

2. Position and reposition on 
prospective hole 77.52 Minutes 
3. Collar the hole 13.06 Minutes 
4. Drill the hole 164.06 Minutes 
>. Retract the drill 23.25 Minutes 
6. Bit changes (3 occurrences per round) 17.29 Minutes 
7. Delays (prorated) 77.53 Minutes 
423.83 Minutes 


423.83 = 16.30 minutes to drill one hole 
26 


380.00 = .896 rounds drilled per day 
423.83 


The drilling element represents 38.17% of the total cycle time 
and position of the drill on the prospective hole represents 18.3% of the 
total cycle time. Together they represent 57% of the total time which would 
indicate a change in machine design. One change would be an increase in the 
number of drill booms on the jumbo. Delays consume 18.3% of the total 
cycle time. Forty percent of the 18.3% is spent moving the rig in order to 
drill holes along either rib. This moving could be eliminated by designing 
a drilling jumbo that will drill an entire round from one set up. ‘Twelve 
percent of the 18.3% is spent filling the water tank. This delay could be 
eliminated by having a holding tank with water capacity for a shift. of 
drilling. 
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Major breakdowns are to be expected with a drill jumbo the size 
of the one that will be used in a comercial operation. Inorder that 
these breakdowns do not interfere with production, a back up drill jumbo 


will be required. 
PROJECTED FACE DRILLING PROCEDURE FOR A COMMERCIAL OPERATION 
EE RN EU OI LAL OP RAL LON 


In order to attain maximm efficiency in the face drilling fimction 
the drill jumbo will be a two boon, completely mobile, self-contained unit 
It will be a diesel powered, rubber-tired chassis equipped with a compressor, 
hydraulic pumps and storage for fuel, water and hydraulic fluid. Power 
for the hydraulic pumps and eraser nine supplied with diesel engines. - 
The following chart will be a work cycle for a drill jumbo equipped with 
two booms and operated by one man. 

A round for a commercial operation will consist of 23 drill holes 


as shown in Figure 2 on page 26. 


WORK CYCLE 
(23 Drill Holes) 


Face Drilling - 1 operator - 2 drills 


ASSUME : 
8 hour or 480 minute work day (collar to collar) 
ALLOWANCES : 
Travel to Work Place. .—st . 10.00 Minutes 
Lunch 30.00 Minutes * 
Personal 15.00 Minutes 
Supervision 10.00 Minutes 
Return to Surface 15.00 Minutes 
80.00 Minutes 


* 5 Minutes to Lunch, 20 Minutes Iimch , 5 Minutes to Work 
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480 - 80 = 400 Minutes (possible productive work time) 


23 Drill Hole Work Cycle - (2,900 Tons Produced Rock) 
(All Numbers Have Been Projected From Actual Cycle Times) 


PROJECTED WORK CYCLE 


Prepare rig (fuel, water & service) (30.00 prorated) 
Move in - set up 


Position and reposition (booms) on prospective 
hole 


Collar the hole 

Drill the hole * 
Retract the drill 

Bit change (2 times) ** 
Tear down - move out 


Delays 


* Based on 6.02 feet per minute 


** Utilizing a bit breakout wrench built on each boom 


7.50 Minutes 
6.60 Minutes 


17.94 Minutes 
3.19 Minutes 
38.20 Hinuree 
5.69 Minutes 
3.00 Minutes 
1.68 Minutes 


17.14 Minutes 


100.95 Minutes 


= 400 Minutes Possible Productive Work Time = 3.96 rounds drilled/8 hour shift at 


100.95 Minutes 
20 shifts per week = 79.20 rounds drilled per week. 
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ROTARY DRILLING - GARDNER-DENVER JUMBO 4-1/4" BIT 
Position and Reposition Time - All Holes 


Calculation to estimate true mean 'M’ fron sample data. 


x = 268.35 
N = 90 
Bedale 
gx? = 1049.40 





S(x) -| Sx2 - © &x 
N-1 
S(x) =/ 1049.40 - 2.98 (268.35) 
90-1 
S(x) =/ 1049.40 - 799.68 = 249.72 = Vv 25B1 eh 68 
89 89 








Sx) = S(x) 
V N 

SC 168 Ge 1 68 = 0.1771 
x/ 90 9.4868 





M @ 95% Confidence Level 


My = oe 20 Oo se 
2.98 #1.99 (0.1771) 
2.98 +.35 minutes per hole 
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ROTARY DRILLING - GARDNER-DENVER JUMBO 4-1/4" BIT 
Collaring Time - All Holes 


Calculation to estimate true mean 'M' from sample data. 


&x = 45.21 
N = 90 
x = . 5023 
éx* = 28.80 
2s ek 
S(x) = | &x” - X &x 
N-1 


S(x) = | 28.80 - .50 (45.2) 
90-1 

S(x) = / 28.80 - 22.60 =/ 6.20 =| .0697 = .264 
89 89 








S&) = S&) 
vf N 

Sq) = .264 = .264 = .0278 
90 9.4868 





M @ 95% Confidence Level 


M = x +T 0.05 SC) 
M = .5023 +1.990 (.0278) 
M = .5023 +.0553 minutes per hole 


age 





wie za a 


‘- Le Veuve ’ 1% Byatt, ts “s 


At ; “ 

sh t p., ' rr 7 7 a 
? ue ‘ fi : Ay ! v he yi 

. ’ ba , Vi ee han 


| web stqma wor} | "Ye" rma ph: am 
wy A gee Pan, ae “4 prt r oe i 


a | 


















Pee Ae ere ery ie ¥ ire ty 
a a a dha Pe At hd At dls , r 


ROTARY DRILLING - GARDNER-DENVER JUMBO 4-1/4'' BIT 
Drilling Time - All Holes 


Calculation to estimate true mean 'M' from sample data. 


&x = 586.85 
N = 93 
x = 6.310 





S(x) =/ 4089.21 - 6.31(586.85) 
93-1 

S (x) =/ 4089.21 - 3703.02 = | 386.19 = 4.1977 = 2.04 
ae Va 








Sq) = S&) 
[N 
SG) 210d ym BAGG aan 2115 
3 9.643 





M @ 95% Confidence Level 


x 2r0 05 Sts) 
6.310 #1.9912 (.2115) 
6.310 +.4211 minutes per hole = 2.97 to 3.39 ft/minute 
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ROTARY DRILLING - GARDNER-DENVER JUMBO 4-1/4'' BIT 


Bit mge Time - All Holes 


Calculation to estimate true mean 'M'' from sample data. 


EX ee 7, 2 
N = 13 

x = 5370 
éx* = 497.57 


S(x) = Sx? - X bx 
‘ N-1 
Seay ok | 497.57 - 5.76 (74.92) 
S(x) ese at /Peeoogterk [ 5.5025 = 49,585 


12 12 


SG) = (x): 
VN 

SOD 2045) ema og = .090 
ays ket 3.605 


M @ 95% Confidence Level 


M =e x +7 0:05 Sip 
M = 5.76 #2.160 (.650) 
M = 5.76 +1.404 minutes per hole (prorated) 
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HOLE NO. 


MAN/MACHINE TIME CHART 


October 1975 


ELEMENT 


Rig set up 
Position 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


DELAY: Lost Paint Mark 


Reposition 
Collar hole 
Drill hole 
Retract drill 
Change bit 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 
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Face Drilling - Anvil Points Mine 
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HOLE NO. 


10 


11 


12 


ses} 


14 


15 


16 


MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 


October 1975 


ELEMENT TIME 
Reposition . 3724 
Collar hole 1.44 
Drill hole 5228 
Retract drill .88 
Change bit 4.80 
DELAY: Lost bit 

wrench 8.00 
Reposition 5.94 
Collar hole vod 
Drill hole LUeL5 
Retract drill 82 
Reposition Drak) 
Collar hole 94 
Drill hole 10.42 
Retract drill 1.08 
DELAY: Fill water 

tank 8.52 
Reposition 5.78 
Collar hole - 
Drill hole 4.86 
Retract drill ./8 
Reposition 7.80 
Collar hole C47 
Drill hole 6.01 
Retract drill .82 
Reposition 3.40 
Collar hole .97 
Drill hole 9.33 
Retract drill 1.29 
DELAY: Move rig 32.03 
Reposition + 
Collar hole .48 
Drill hole 5.04 
Retract drill 91 
Reposition 3.84 
Collar hole Pos 
Drill hole ate) 
Retract drill .88 


ni. 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 
October_1975 


HOLE NO. ELEMENT TIME 
Dy Reposition LhJ30 
Collar hole .58 
Drill hole 4.00 
Retract drill .98 
18 Reposition 3.41 
Collar hole .92 
Drill hole 5.96 
Retract drill 91 
19 Reposition 3.18 
Collar hole 142 
Drill hole 3.62 
Retract drill ehs 
20 Reposition 4.18 
Collar hole 52 
Drill hole 5.04 
Change bit 5.22 
Retract drill .92 
21 Reposition 1.02 
Collar hole 41 
Drill hole 6.63 
Retract drill 1.00 
Paes Reposition 1.26 
Collar hole ey 
Drill hole 4.55 
Retract drill 1.32 
as Reposition 1.42 
Collar hole .32 
Drill hole 4.45 
Retract drill Male 
24 Reposition 3.74 
Collar hole OL 
Drill hole 12.36 
Retract drill .78 
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MAN/MACHINE, TIME CHART 


Face Drilling - Anvil Points Mine 
October 1975 


HOLE NO. ELEMENT TIME 
25 Reposition 4.21 
Collar hole - 
Drill hole Lis St 
Retract drill TZ 
DELAY: Plugged 
air screen 25.00 
26 Reposition 6.90 
Collar hole oe, 
Drill hole 4.73 
Retract drill G5 
ae | Reposition 1.41 
Collar hole +32 
Drill hole 5.70 
Retract -drill 273 
Bit change 12.09 
DELAY: Personal 10.00 
28 Reposition 2.00 
Collar hole 34 
Drill hole Leen 
Retract drill .64 
29 Reposition 5565 
Collar hole .48 
Drill hole was ys 
Retract drill . 68 
30 Reposition 1.42 
Collar hole 1.10 
Drill hole 6.92 
Retract drill .92 
DELAY: Move rig 24.32 
31 Reposition 4.21 
Collar hole 719 
Drill hole 10222 
Retract drill 1.09 
32 Reposition 2.20 
Collar hole .84 
Drill hole 9.88 
Retract drill 7 
DELAY: Repair 
hydraulic leaks 55.00 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 


34 


> 


36 


a7 


38 


39 


40 


41 


October 1975 
ELEMENT TIME 

Reposition 3,78 
Collar hole wel 
Drill hole 6.60 
Retract drill .58 
Reposition 2.00 
Collar hole We) 
Drill hole 5.49 
Retract drill 54 
Reposition 1.64 
Collar hole .62 
Drill hole 6.93 
Retract drill 45 
Reposition 2.89 
Collar hole ok 
Drill hole 5.56 
Retract drill 81 
Reposition Z.29 
Collar hole 6% 
Drill hole 3.59 
Retract drill 36 
Reposition 3.18 
Collar hole .62 
Drill hole 7.10 
Retract drill oe 
Reposition 3.80 
Collar hole 1.02 
Drill hole 6.07 
Retract drill 1.00 
Reposition 5.00 
Collar hole .68 
Drill hole 6.60 
Retract drill .78 
Reposition as 
Collar hole .70 
Drill hole 7,320 
Retract drill .68 
DELAY: Repair 

hydraulic leaks 30.00 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 


HOLE NO. 


42 


43 


45 


47 


49 


October 1975 
ELEMENT TIME 

Reposition 3426 
Collar hole PZ 
Drill hole 7.50 
Retract drill .64 
Change bit 9.20 
DELAY: Lost air 

clean screen 20.00 
Reposition 2430 
Collar hole 94 
Drill hole 5.65 
Retract drill Mie 
Reposition 2.47 
Collar hole ATG 
Drill hole 6.21 
Retract drill .76 
Reposition 94 
Collar hole 44 
Drill hole 6.22 
Retract drill 1.05 
Reposition 88 
Collar hole .36 
Drill hole 6.65 
Retract drill 1.11 
DELAY: Move r 54.84 
DELAY: Persona 6.64 
Reposition 1.04 
Collar hole 36 
Drill hcle 4.88 
Retract drill Wie: 
Bit change 4.15 
Reposition 2.44 
Collar hole -40 
Drill hole 5.89 
Retract drill .98 
Reposition 1.05 
Collar hole 36 
Drill hole 6.05 
Retract drill 1.02 
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HOLE NO. 


50 


SLL 


52 


a3 


54 


55 


56 


MAN/MACHINE TIME CHART 


October 1975 


ELEMENT 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 

Collar hole 

Drill hole 

Retract drill 
DELAY: Reposition 
rig 


Reposition 
Collar hole 
Drill hole 
Retract drill 
Lunch 

Bit change 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 

Collar hole 

Drill hole 

Retract drill 

Tear down - move out 


Bay ee 


Face Drilling - Anvil Points Mine 


1054.48 
1071.70 





S8As sean 
om 











ey aL 
i 


va 


we, che ' oe 
am ve 2 oT oD 
i) ae +4 


ao “ ¥ ‘ ‘y 
mo Oa, i ia ev As 
i 


Ten AL ae : ? Ly "i 4 
% } . | M4 x 
’ y Bh Sy) gs J r 


i 


“Base 
Ain 


* « « 
Y Rs 


- 


2 
i * 


* 


*- 


* > 


x. 








4 


<BESR- ROSS eRsKRA 2. 
ay 09 =e Ds a: > ee vv 7 & 


P Sf . 6 r i 
; | 7 aye ' j ; i, 
Raid ee: aT Nh 
rd aye yen " eae nas : 


MAN/MACHINE TIME CHART 
Face Drilling - Anvil Points Mine 


October 1975 
CUMULATIVE 
HOLE NO. ELEMENT TIME TIME 

57 Reposition 2.59 1074.29 
Collar hole .28 1074.57 
Drill hole 6.76 1081.33 
Retract drill .83 1082.16 
Bit change 4,32 1086.48 
58 Reposition 1.58 1088 . 06 
Collar hole a5) 1088. 31 
Drill hole 4.24 1092.55 
Retract drill .88 1093.43 
og Reposition 1.85 1095.28 
Collar hole .28 1095.56 
Drill hole 5.28 1100. 84 
Retract drill TAs 1101.59 
60 Reposition 2.20 pk ya 
Collar hole asf 1104.06 
Drill hole 8.20 Tire; 20 
Retract drill .79 1113.05 
61 Reposition 1.30 1114.35 
Collar hole as, 1114.60 
Drill hole 6.24 1120.84 
Retract drill 84 1121.68 
62 Reposition 1.65 1123.33 
Collar hole 0 1123.88 
Drill hole 14°15 1135.01 
Retract drill .87 1135.88 
Bit change 5.08 1140.96 

DELAY: Fill water 
tank ».42 1146.38 
DELAY: Personal 2.56 1148.94 
63 Reposition 5.10 1154.04 
Collar hole .26 1154, 30 
Drill hole ayers d 1159.81 
Retract drill . 88 1160.69 
64 Reposition Lo) 1162.60 
Collar hole 64 1163.24 
Drill hole idee 1170.89 
Retract drill 87 1171.76 
DELAY: Move truck 28.00 1199. 76 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 


October 1975 


ELEMENT 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 


Reposition 
Collar hole 
Drill hole 
Retract drill 
Bit change 


Reposition 
Collar hole 
Drill hole 
Retract drill 
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CUMULATIVE 


TIME 


1203.14 
1203.43 
1209.01 
1209.01 


1209.01 
120g a2 
12Viau 
LBB ce ge 


1217.68 
DPS ic ipe 
lage? 
12aanze 


12 ines 
1227.49 
1231.89 
1232.47 


1236.19 
1236.43 
1240.78 
1241.70 


1245.58 


1281.26 
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MAN/MACHINE TIME CHART 
Face Drilling - Anvil Points Mine 


October 1975 


CUMULATIVE 
HOLE NO. ELEMENT TIME TIME 
74 Reposition 1.06 1282.32 
Collar hole .26 1282.58 
Drill hole 5.58 1288.16 
Retract drill .99 1289.15 
75 Reposition 1. £32 1290.47 
Collar hole .36 1290.83 
Drill hole 5.62 1296.45 
Retract drill 1 184 297 257 
76 Reposition 4.14 POR 1 
Collar hole .29 1302 . 00 
DELAY 3!) Ril) heed 
water tank 23.70 1325.70 
Bit change On 23 1330) 93 
Drill hole 5.34 1336:27 
Retract drill £95 Ue FP aie 27 
Lunch 60.00 1397.22 
di Reposition 7.40 1404.62 
Collar hole 38 1405 .00 
Drill hole 6.99 1411.99 
Retract drill {tb 1412.94 
Tear down move out 27.20 1440.14 
Move in - set up 23.01 1463.15 
78 Reposition 5.90 1469.05 
Collar hole 38 1469.43 
Drill hole 4.50 1473.93 
Retract drill 1.00 1474.93 
79 Reposition L,@2 1476.85 
Collar hole .39 1477.24 
Drill hole 4.34 1481.58 
Retract drill 1.04 1482.62 
80 Reposition 1.82 1484.44 
Collar hole 42 1484.86 
Drill hole. 4.00 1488 . 86 
Retract drill 1.02 1489.88 
81 Reposition PDE 1493.20 
Collar hole .26 1493.46 
Drill hole 3.83 1497 29 
1.05 1498 . 34 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 


89 


83 


84 


85 


86 


87 


88 


October 1975 
CUMULATIVE 
ELEMENT TIME ant 

Reposition 2.26 1500.60 
Collar hole 34 1500.94 
Drill hole 3.65 1504.59 
Retract drill 1.00 1505.59 
Reposition 3.05 1508. 64 
Collar hole 36 1509.00 
Drill hole 10.75 1519.75 
Retract drill 1.10 1520.85 
Bit change 6.07 1526.92 
DELAY: Fill 

water tank 6.47 1523.39 
Reposition 2.55 1535.94 
Collar hole 1535.94 
Drill hole 8.50 1544.44 
Retract drill 94 1545.38 
Reposition eco 1546.58 
Collar hole 44 1547.02 
Drill hole 6.00 ibs he ba iY 
Retract drill se 1553.99 
Reposition 3.34 15d. 55 
Collar hole 30 1557.63 
Drill hole 3235 1560.98 
Retract drill .89 1561587 
Reposition .84 1562.71 
Collar hole .30 1563.01 
Drill hole Shots. 1566.59 
Retract drill .88 156/247 
Reposition 3.62 1571.09 
Collar hole .40 1571.49 
Drill hole pew) 1576.84 
Retract drill 94 1577.78 
Bit change 6.04 1583.82 
DELAY: Plugged 

water Line ae) 1587212 
Reposition Lect he 1568.27 
Collar hole aay 1588. 64 
Drill hole 4.24 1592.88 
Retract drill 1.06 1593.94 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 





October 1975 
CUMULATIVE 
HOLE NO. ELEMENT TIME TIME 
90 Reposition tO ae LSID. 67 
Collar hole VOL 1596.00 
Drill hole 6.66 1602.66 
Retract drill 1.08 1603.74 
OL Reposition 290 1604.64 
Collar hole a5, 1605.01 
Drill Hole 6.54 1611.55 
Retract drill 1.05 1612.60 
92 Reposition 1.18 Lol3w/s 
Collar hole She) Loleai3 
Drill hole 7.82 6121.95 
Retract drill 93 1622.88 
93 Reposition P.05 Lozo.05 
Collar hole 39 1624, 32 
Drill hole 7.92 1632.24 
Retract drill ~ 1632.24 
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MAN/MACHINE TIME CHART 


Face Drilling - Anvil Points Mine 
October 1975 


SUMMARY SHEET 
Occurrences Per Cent 
Total of Cycle Standard Standard 

Element Time Elements Mean Deviation Deviation 
Move in - set up - 
tear down - move out 102.25 4 25.56 7.40 29% 
Position and reposi- 
tion on prospective 
hole 268.35 90 2.98 1.70 2) ay 
Collar the hole 45,21 90 . 50 ne Boy 
Drill the hole DOO Goa) 93 6.31 2:05 fa 
Retract the drill 81.38 91 139 we 18% 
Bit change 74.92 13 2.16 2.34 407, 
Delays 358.90 18 19.38 - - 
Launch 114.38 Z efi he: - _/ 


1,632.24 
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FIGURE 2 


PROJECTED COMMERCIAL DRILL HOLE PATTERN (23 HOLES) 


BKOIBCLED COMMESCIVS DBITT WOT BYLLESH ($3 forge) 






be ok he glee 
i 


_ pe 7 
“ ? 7206 a Op saad Oph ON + bu dala 
; ra 





J 
- Lf 





' bv ¥ 
‘ei 
aNd 

i Aye 
rye ae 
4 





“OUTER BOOM 





Z. “3 
Y/EEED ROTATION 


Zid 













FEED 
EXTENSION 





UST AKIS OF HORIZONTAL ROTATION 


la 
HORIZONTAL 


ELEVATOR 
ROTATION 
bee SS 
5 FS eee SS 


TOP VIE\W OF BOOM 
—————— eee Ee 


FEED SWING 
[) 








=e 


TO LOWER MAST 
FOR MOVING UNIT - 


eLvairiseu 


Ob AER Ob GOON 








ean 





& 
S 
<x 
oe 
2 
ta) 








~W(VEI2 O HOUISOMIWE BoLvLION 














PARAHO DEMONSTRATION PROJECT 
MAN/MACHINE WORK STUDIES 
CHARGING AND BLASTING 


October 
1975 





TABLE OF CONTENTS 


Page No. 
PROJECT LOCATION AND CHARGING AND BLASTING FUNCTION---------- i 
CES DUGS Lich elf a ott ie VR eR aT aaa se ERE RI | 
TABLE I------------------------------------------------------ 2 
STANDARD CYCLE TIME------------------------------------------ 2 
ACTUAL WORK CYCLE-------------------------------------------- 3-5 
PROJECTED CHARGING AND BLASTING PROCEDURE-------------------- 6 
PROJECTED WORK CYCLE---------------9-- 2-2-2 2----------------- 6-8 
ESTIMATED TRUE MEAN FOR EACH CYCLE ELEMENT------------------- 9-13 
MAN/MACHINE TIME CHART--------------------------------------- 14-22 
MAN/MACHINE TIME CHART SUMMARY SHEET------------------------- 23 
FIGURE I - EXPLOSIVES LOADING DELAY PATTERN------------------ 24 
FIGURE 2 - PROJECTED EXPLOSIVES LOADING DELAY PATTERN-------- 25 





€I-2 





ee 


r aa 
4 
¢ p 4 
i" ; 
: , a 



















: Weekes ee eo i Le 
\4 ii ‘ ‘4 NES r ak ot ; Ms ur 
Ti) ie yan VPA es vey bali HORM 
aM oe LK) Ai dey Avy, Voi Wwe 
N t ' tee | ry t a “a 3 i 
OC ek. a ai 
PTET PR Maan ee Wa 


» 


ae 


1a 





a 
' Ay mst 
7 f 
ed J 
j 


te 
a Oy i ane ae ee . 
er cmen an a fn an ba oH bad y 
a ae mas 
a4 v } Fi 
sebiall i es ae My 
AGW ok vA 
Lf at : 


fy ee aR) me , r ih va 
concen een EO creat GMA, DATORAHD cma 


ee ee ed wore ean nteednnecnes 
Ulva 


we , K h ve 


ee me ee ne ee ee Se 8 oh Ol ee a me tee +h sow cman 


w-oeennentnn scene MEL IYO rons is WAG! UAT cee 


shen sealbindeniichannaaaaa nen aaa) om + sas 


} int 








a : By aa ¥ 
Ln | rey 
re mart, iP 

: ie ‘a 


en 


ia 
a 


had yn hy } lait | 








(if aot iL : 


> #._/ a? | 


| at a 
Ne ins 1 


PARAHO DEMONSTRATION PROJECT 
MAN/MACHINE WORK STUDIES 


Anvil Points Mine 
Rifle, Colorado 


October 1975 


PROJECT: 

Work Studies - Charging and Blasting 
DESCRIPTION : 

Work studies utilizing a break out of elemental times were 
used to calculate a standard cycle time for charging and blasting 26 
drill holes. Twenty-six drill holes are used in the blasting of one 
standard twenty foot round. 
PURPOSE : 

Calculate a charging and blasting cycle for a commercial 
size mining operation. 
AUTHOR : 


W. W. Moulton 
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PROJECT LOCATION AND CHARGING AND BLASTING FUNCTION 


This industrial engineering project was performed at the 
Paraho Demonstration Project's Anvil Points Mine near Rifle, Colorado. 
The mine utilizes room and pillar mining for the extraction of oil 
shale rock. Room dimensions are 55 feet wide by 40 feet high. Each 
round is designed and drilled to advance twenty feet and produce approx- 
imately 2,942 tons of oil shale Peck AN/FO, a mixture of ammonium 


nitrate and fuel oil is used as the principal blasting agent. 


EQUIPMENT DESCRIPTION 


Explosives loading is accomplished by means of an aerial platform 
mounted on a diesel powered carrier (powder monkey). The carrier is 
equipped with an air injection system which is used to place ammonium 
nitrate (prills) explosive into drill holes. The air injection system 
is equipped with a forty foot, two inch flexible hose for the actual 
loading cycle. 

The "powder monkey'' is not a self-contained unit. It has to 
be hooked up the mine's compressed air system for its injection power. 
Drawbacks in this unit which curtail efficiency are its lack of adequate 
storage for explosives and its inadequate range regarding the loading 
of drill holes. 

Table I indicates the type and manufacturer of the explosives, 
primers, delay detonators, prima-cord, fuse and other equipment used in 


the explosives loading cycle. 
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TABLE I 


_____ tem Manufacturer _—s_- Trade Name Remarks 
Explosives Du Pont AN/FO Mixture of Anmonium Nitrate 


& Fuel Oil - 50 1b. sacks 
Primer Trojan Primer Cans 


Delay Detonators Ensign Bickford Co. Primadets 


Prima-Cord Du Pont E-Cord 


Detonator Du Pont Blasting Caps 


STANDARD CYCLE TIME 


The explosives loading function takes place after the face 
drilling function. 

Standard cycle time is the computation of the total time 
required to load and tie in the explosives in a twenty-six hole full face 
twenty foot round. Total time is the summation of elemental times 
derived from the timing of cycle elements. Cycle elements for the explosives 


loading function are as follows: 


get powder 

move in - set up - tear down - move out 
position and reposition on drill hole 
prepare primer 

install primer in hole 

load explosives into drill hole 

tie in the primer 


fill explosives holding tank 


\On COs “Ie tos Orn i 6) NO 


tie in entire round 
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The above cycle elements form the major portion of the 
total work cycle. The remaining portion of the total work cycle 
is made up of various delays. These delays are noted in the man/ 
machine time charts where they occurred in the loading sequence. 

Standard industrial engineering procedures used in this 
analysis included calculation of mean times, standard deviation 
and per cent standard deviation. In order to determine if a sufficient 
number of element couches were recorded to allow a confidence level 
of 95% each element cycle was analyzed using the "'t'' test. This 
calculation is included on pages 9 to 13. 

The man/machine time chart, pages 14 to 22, is a step by 
step breakdown of cycle element times with a cumulative time summation. 
This chart is followed by a summary sheet, page 23, which shows the 
total time, mean, standard deviation and percent standard deviation 


for each cycle element. 


ACTUAL WORK CYCLE 


Charging and Blasting - 2 men 


CONDITIONS : 
Floor - Irregular 
Back - Smooth 
Face and Ribs - Normal (scaled) 


POSSIBLE PRODUCTIVE WORK TIME 


(Assume 100% utilization of available time) 
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Allowances: 


Travel to Work 30 Minutes 
Travel to Lunch 5 Minutes 
Lunch 30 Minutes * 
Return to Work 5 Minutes 
Supervision 15 Minutes 
Personal ~ 15 Minutes 
Travel from Mine 30 Minutes 
100 Minutes 


* Not Paid and Not Included in Total 


Total Work Day - 8 hours or 480 minutes = 480 - 100 = 380 minutes 
(possible productive work time) 


Actual Work Times - as segments of three charging and blasting sequences 
are included in this report the actual working times 


will not be included. A total work time in minutes 
is included. 


CYCLE ELEMENT (TOTALS) : 


Charging and blasting sequence - one 26 hole round (all times 


projected from actual cycle times). 


1. Get powder from magazine 36.79 Minutes 
2. Move in, set up, tear down, 

move out 34.58 Minutes 
3. Position - reposition 45.50 Minutes 
4. Prepare primer 18.05 Minutes 
2. Install primer 17.68 Minutes 
6. Load explosive inte hole 70.72 Minutes 
7. Tie in primer 16.38 Minutes 
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8. Tie in round 
9. Fill explosives holding tank (3 times) 


Lunch (10 minutes paid)* 


Delays 
(Minus 30 minute not paid lunch) 


*Travel Time 


316.78 = 12.18 minutes/hole 
26 


7.00 Minutes 


17.52 Minutes 


264.22 Minutes 
40.00 Minutes 


42.56 Minutes 


346.78 Minutes 


30.00 Minutes 


316.78 Minutes 


380.00 = 1.199 rounds charged and blasted per day or 5.995 rounds/week 


316,78 


The amount of powder used in this round was forty-five 50-lb. bags or 


2,250 pounds of AN/FO, plus 75 pounds of primer or 2,325 pounds total. 


The amount of broken rock was estimated at 2,942 tons which equals a 


powder factor of .764 pounds AN/FO per ton of rock. 


In the charging and blasting sequence 53.7 per cent of the 


total time is consumed in four cycle elements. These elements are: 


Get powder from magazine 


Load explosives into the hole 


Ps Ga fj - 


Fill the explosives holding tank, 


Position and reposition explosive injection hose 


The injection rate for AN/FO is approximately 25 pounds per 


minute. The design of the powder monkey could greatly reduce the total 


time consumed by the four above elements. Delays in the work cycle 


accounted for 13.4 per cent of the total sequence time. This time could 


be reduced with a self-contained powder monkey. 
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PROJECTED CHARGING AND BLASTING PROCEDURE 
FOR A COMMERCIAL OPERATION 


In order to attain maximm efficiency in the charging and blasting 
function the powder monkey will be a completely mobile, self-contained unit. 
It will be a diesel powered carrier equipped with an aerial platform 
capable of reaching any location on the face from one setup position. This 
would eliminate moving the truck during the charging sequence. The 
carrier will be equipped with a self-contained air injection system capable 
of injecting 150 pounds of explosives per minute and an explosives holding 
capacity of 7,000 pounds. This will be sufficient explosives for an eight 
hour shift and enough to load four rounds. These numbers are based on a 
round with dimensions of 55 feet wide by 40 feet high and a depth of 20 
feet. At 14.957 cubic feet per ton of in-place oil shale rock one round 
will produce approximately 2,942 tons. With a powder factor of .56 
pounds AN/FO per ton of produced rock one round will require approximately 


1,650 pounds of explosives. 


PROJECTED WORK CYCLE 
CHARGING AND BLASTING 


In projecting a 23 hole work cycle for a conmercial operation 
certain factors were considered. Two of these factors are, the charging 
unit would be self-contained and the men assigned would perform only the 
charging and blasting functions. 

PREPARE EQUIPMENT FOR WORKDAY - 20.00 MINUTES - LOAD EXPLOSIVE, APPROXIMATELY 
7,000 LBS. - SERVICE EQUIPMENT 


ay 




















sciseals tom eth oak ie RE 16 | 
they bentedaos-tlee veltdem oe 
ie vin anit bene soba, ene ae 
ake Tres exe on lth Uo a 
act sonsupoa gatgarls arid gabmb sour ad galvem stsaimble blvow 
sideqk» meteye noktoetnt rte bentstnoo-lse & dita boggiups 3d IL xoiean 





gitbfod eavieclqxe as bow sdunim teq soviaolgqxs to ebraog 02! gntssetat ee |! eX aa 
jrigto me rot eovieolqu tnstoltive ed [litw aldT .abawog 000.1 to yatosqna a r is i aa 
8 no beesd sys evedmunt seal Jabayor sO? beol nese la oe 


OS to daqeb.a bas dalrf tset Ob yd shiw 290% CF a, meaakeemnetl 4t ene 
MY op nn 4 = .) 


bar ene soot afada Lto saalq-at 10 13 19q Jee Sith T2001 3A i. 
lo, HURT, ; 
oe. 20 zotast vabseg 9 rai ay ae a al ‘ 


ae aa: Pigeaant |? Ann: oe ya 

Ceanboxgge szlupex LL brio ano soon baavbong 39 aad seq CNN aed | at ae 
en i meee em | ey i 

 agvisoiges cchem hee a 


6 ¢5 so a) sre a , ' 





il! lies 


iuphesaierpee 


ha ies! ; 


, sf : 
SNE MSE GA NE WR Lew ii cual +e rn Aa tie eh i 
; b aun Le a ur, 4 Ce 
. —- 4 y 


hetben- itidyl ae 


Prot Bt [ 
¢ d eh, Abb ; ! 
; ' nate | oat, ”) e | 
; a + wee ‘ , 7 : ” 
: iy “aw Wy ‘ y Lh ie are ep ; P 
Ad a Pa , ‘ 7 a y . ¥ ¥ \ 7 4 ah + 
ie) ae cs , : a i aa : ' > : ¥ ai ae DS a 
| 7 : 5 { LY 
: A 


Average Total Time 
Time 23 Hole Round 

Move In . nutes 
Set Up 4.00 Minutes 
Position and Reposition on Prospective Hole oe 13.57 Minutes 
Prepare Primer 40 9.20 Minutes 
Install Primer 43 9.89 Minutes 
Load Explosives in Hole 48% 11.04 Minutes 
Tie in Primer ce! 11.73 Minutes 
Tie in Round > 2.00 Minutes 
Delays ~ 8.09 Minutes 
Prepare & Service Equipment For Work Prorated 4.00 Minutes 
Tear Down = _4.00 Minutes 

TOTAL 79.43 Minutes 
*Based on an AN/FO injection rate of 150 pounds per minute. 

PROJECTED WORK CYCLE 
CHARGING AND BLASTING 
Assume: 
8 hour or 480 minute workday (collar to collar) 
Allowances: 
Travel to work place 10.00 Minutes 


Lunch 

Personal 
Supervision 
Return to Surface 


TOTAL 


30.00 Minutes * 


15.00 Minutes 


10.00 Minutes 


15.00 Minutes 


80.00 Minutes 
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* Lamch Breakdown 
5 Minutes to Lunch Room 
20 Minutes Lunch 
__5 Minutes to Return to Work 


30 Minutes 


480 - 80 = 400 minutes (possible productive work time) 


400 = 5.03 rounds charged and blasted per eight hour shift = 100.60 rounds/week 
79.43 
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EXPLOSIVES LOADING - POSITION AND REPOSITION 


Calculation to estimate true mean (M) from sample data. 





&x = 96.25 

N = 55 

x == 1.95 

éx* = 248.60 

S(x) = fx? 2 Hiéx 1 @ XiJ ere: =“ et aie 
ee i, } 

N-1 

Sx) = .60 - L. ; 
Tey ies PLOT GN etigiey 

S(x) = - ss : = = 1.22 

54 54 

S&) = S (x) 
JN 

S(X) = 1,22 #9.7622 = 0.16 





M @ 95% Confidence Level 
Mos = eT ODD (Ste) 


M lide of 47 009n (0.16) 


M 1.75 + .32 minutes 
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EXPLOSIVES LOADING - PREPARING THE PRIMER 


Calculation to estimate true mean (M) from sample data. 


&x = 31.47 

N = 46 

x = 0.69 
éx* = 30.28 





S(x) = | &x* - ® & 
\/ N-1 
S(x) ee 
46-1 


S(x) = [ 30.28 Wels Tie = Boy =/ 0.19 = 0.44 
45 EVa5 


S(x) = S&) 
VN 

S(X) = 0.44 = 0.44 = 0.06 
yao 78 


~ M @ 95% Confidence Level 


x '2T-0.05°. s(&) 
0.69 +2.014 (0.06) 


0.69 +.12 minutes 
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EXPLOSIVES LOADING - INSTALLING PRIMER 


Calculation to estimate true mean () from sample data. 


ie mae 38278 
i tok 5) 
= 0.68 
Gx =m 32450 
7 A 
S(x) = | 6x - x &x 
N-1 


S(x) = / 32.50 - .68 (38.76) 
3/-1 

S(x) = / 32.50 - 26.36 =/ 6.14 =/0.11 = 0.33 
56 56 ? 


Sx) = S&) 
V N 

SX) = 0.33 = 0.33 = 0.04 
oe 7.55 


M @ 95% Confidence Level 


Mo oe a 2 0.05) 5) Se) 
= 1 0:68022,003) (04) 
M = 0.68 +.08 minutes 
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EXPLOSIVES LOADING - HOLE LOADING (PRILL) 


Calculation to estimate true mean (M) from sample data. 





&x = £154.47 
N = oy 
x = 2.72 
fx2 = 466.88 
ss ieee 
Sx) hf “GROOT S REx 
N-1 


S(x) = / 466.88 - 2.72 (154.47) 
oy ke 

S(x) = / 466.88 - 420.15 = | 46.73 ne S03> 0.913 
56 56 


SG) = —S(x) 
~/N 

S®) = .0.913 =. 0.913 =0.12 
wy 4957 7.55 


M @ 95% Confidence Level 
M =x #T0.05 S(&) 

M = 2.72 +2.003 (0.12) 
M = 2.72 +0.24 minutes 
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Calculation 


S(x) 


to estimate true mean (M) from sample data. 


EXPLOSIVES LOADING - TIE IN PRIMER 


eye a 
49 
0.63 
29.64 
= bx? - X &x 
\ N-1 


= / 29.64 - (0.63) 35.91 


49 -1 


S(x) = / 29.64 - 22.62 
/ 48 


= S(x) 
VN 

= 0.38 = 0.38 
v 49 7.00 


M @ 95% Confidence Level 


M 


x +T0.05 Sx) 
0:63 42, 011Se ros) 


0.63 +.10 minutes 
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MAN INE TIME CHART 


- Actual Charging & Blasting - Anvil Points Mine 
October 1975 


HOLE NO. ELEMENT TIME 
Get powder and 
set up equipment 
i Position 2 37. 
Prepare primer = 
Install primer = 
Load explosives 4.15 
Tie in primer 30 
2 Reposition 2.00 
Prepare primer 1.00 
Install primer har 
Load explosives 1.80 
Tie in primer 1.00 
DELAY: string 
lead wire 6.00 
3 Reposition 1.48 
Prepare primer = 
Install primer ad 
Load explosives 2.05 
Tie in primer B) 
4 Reposition ay 
Prepare primer 02 
Install primer 4h, 
Load explosives 1.82 
Tie in primer me 
5 Reposition ar 
Fill prill pot 6.16 
Prepare primer 2.45 
Install primer 65 
Load explosives 1aie fe 8 
Tie in primer 4 
6 Reposition By he) 
Prepare primer - 
Install primer 62 
Load explosives doy. 
Tie in primer . 
7 Reposition 3.62 
Prepare primer _ 
Install primer 96 
Load explosives 2.34 


Tie in primer 
=l4= 








MAN/MACHINE TIME CHART 


Actual Charging & Blasting - Anvil Points Mine 
October 1975 


HOLE NO. ELEMENT TIME 
8 Reposition 1.09 
Prepare primer = 
Install primer 69 
Load explosives Faw 8: 
Tie in primer “ 
9 Reposition 30 
Prepare primer - 
Install primer 42 
Load explosives Duele 
Tie in primer + 
10 Reposition 252 
Prepare primer = 
Install primer .46 
Load explosives Paz 
Tie in primer : 
Fill prill pot 3.01 
eE Reposition - 
Prepare primer = 
Install primer 84 
Load explosives 7 
Tie in primer : 
12 Reposition 4.66 
Prepare primer + 
Install primer = 
Load explosives 1.69 
Tie in primer : 
Ps Reposition 1.14 
Prepare primer = 
Install primer LeZs 
Load explosives Zee 
Tie in primer = 
Tie in round = 
Remove equipment 18,38 
Get powder 42.00 
Set up equipment 16.72 
14 Position 1235 
Prepare primer 1°55 
Install primer 45 
Load explosives 1.64 
Tie in primer 1.00 
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MAN/MACHINE TIME CHART 
Actual Charging & Blasting - Anvil Points Mine 


October 1975 
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HOLE NO. ELEMENT TIME 
she) Reposition 1.10 
Prepare primer :79 
Install primer r/2Z 
Load explosives 2.06 
Tie in primer 46 
16 Reposition oye 
Prepare primer up Ne 
Install primer 94 
Load explosives 2.02 
Tie in primer 41 
17 Reposition 1.01 
Prepare primer .26 
Install primer 36 
Load explosives 2.26 
Tie in primer .28 
DELAY: Low air 
pressure 6.35 
18 Reposition 1.30 
Prepare primer * 
Install primer .70 
Load explosives 302 
Tie in primer sOner 
19 Reposition .68 
Prepare primer .50 
Install primer Cm, 
Load explosives 3352 
DELAY: no air 16.48 
Tie in primer .26 
FIPISprilt-poe 7.70 
20 Reposition 2.00 
Prepare primer 1.50 
Install primer 34 
Load explosives 7.26 
Tie in primer 78 
21 Reposition = 
Prepare primer .50 
Install primer ep = 
Load explosives A be 
Tie in primer 1,32 
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HOLE NO. 


22 


23 


24 


25 


26 
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28 


MAN/MACHINE TIME CHART 


Actual Charging & Blasting - Anvil Points Mine 


October 1975 


ELEMENT 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Bidleprild pot 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load _ explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
DELAY: blow out 
Install primer 
Load explosives 
Tie in primer 
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Actual Charging & Blasting - Anvil Points Mine 


HOLE NO. 
29 


30 


oat 


32 


33 


34 


MAN/MACHINE TIME CHART 


October 1975 


ELEMENT 
Reposition 


Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
DELAY: blow out hole 
Install primer 
Load explosives 
Tie in primer 
DELAY: clean 
air screen 


Reposition 

Prepare primer 

DELAY: blow out hole 
Install primer 

Load explosives 

Tie in primer 


Reposition 
Prepare primer 
Install primer 
Fill prill tank 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load_ explosive 
Tie in primer 
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Actual Charging & Blasting - Anvil Points Mine 
October 1975 


HOLE NO. 
35 


36 


37 


38 


39 


ELEMENT 
Reposition 


Prepare primer 
Install primer 
Fill prill tank 
Load explosives 
Tie in primer 

Tie in round 

Move out equipment 
Get powder 

Set up equipment 
Fill prill tank 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 
DELAY: move truck 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 
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MAN/MACHINE TIME CHART 
Actual Charging & Blasting - Anvil Points Mine 


October 1975 
HOLE NO. ELEMENT TIME 
4] Reposition 2.68 
Prepare primer 34 
Install primer 29 
Load explosives 4.05 
Tie in primer .65 
Fill prill tank Lu 
42 Reposition 1.68 
Prepare primer 34 
Install primer Mee 
Load explosives 2.22 
Tie in primer .65 
43 Reposition 1,32 
Prepare primer 56 
Install primer ae i 
Load explosives 2.30 
Tie in primer 46 
4d, Reposition L.38 
Prepare primer .67 
Install primer L353 
Load explosives yA 
Tie in primer wok 
45 Reposition 2.4L 
Prepare primer Ae 
‘Install primer .65 
Load explosives 3.13 
Tie in primer 36 
46 Reposition 1.28 
Prepare primer 36 
Tie in primer Li 
47 Reposition 65 
Prepare primer 52 
Install primer 38 
Load explosives 3.62 
Tie in primer 29 
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HOLE NO. 


49 


50 


51 


De 
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MAN/MACHINE TIME CHART 
Actual Charging & Blasting - Anvil Points Mine 
October 1975 


ELEMENT 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 
Pilloori ll tank 
DELAY: move truck 


Reposition 
Prepare primer 
Install primer 
Load explosives 
Tie in primer 
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MAN/MACHINE TIME CHART 


Actual Charging & Blasting - Anvil Points Mine 
October 1975 


CUMULATIVE 
HOLE NO. ELEMENT TIE LIME 

nS) Reposition 2.00 BI0070 
Prepare primer 1035 591 233 
Install primer 1.00 392553 
Load explosives 2.80 WITS 
Tie in primer 1.10 596.73 
56 Reposition 1.60 593.33 
Prepare primer Se, ap hes OP 
Install primer .76 599.78 
Load explosives 2287 602.65 
Tie in primer L02 603.67 

DELAY: get one prima- 

det - rats chewed 

through wires on one 27.88 631255 
ay) Reposition Zo 632.80 
Prepare primer 98 623.78 
Install primer 76 634.54 
Load explosives 3.20 Say 474 
Tie in primer 107 638.81 
58 Reposition 1.00 639.81 
Prepare primer Ly0Z 640.83 
Install primer .85 641.68 
Load explosives 2.88 644.56 
Tie in primer anh) 645.74 
ae Reposition .88 646.62 
Prepare primer .65 647.27 
Install primer . 68 647.95 
Load explosives 2.84 650.79 
Tie in primer oe 651.34 
Tie in round VOL 658.95 
DELAY: dead battery 21.82 680.77 
Tear down - move out 18.91 699.68 
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MAN/MACHINE TIME CHART 
Actual Charging & Blasting - Anvil Points Mine 


October 1975 
SUMMARY SHEET 
Occurrences 
Total of Cycle Standard 
Time _ Elements Mean Deviation % __ 
1. Position 96.25 i, jee fe 1.24 71% 
2. Prepare primer 31.94 46 0.6943 44 647, 
3. Install primer 38.74 ari 0.68 Poe 427, 
4. load explosives 155.04 sy, Z12 93 347, 
5. Tie in primer 30.78 49 0.63 oD ST he 
67) Fillapriil pot 52), 50 9 5.84 on 22% 
7. Move in - move out 86.48 5 aise! 1.44 8%, 
8. Get powder [boss 2 36.79 - - 
9. Tie in round 14.01 a 7.005 - - 
10. Delays — 120.28 11 
11. Lamches —9655>: 2 48.27% > = 
796.23 


*Lunches include five minutes travel to lunch and five minutes return to work. 
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EXPLOSIVES LOADING DELAY PATTERN FOR A 26 HOLE ROUND 
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PROJECTED EXPLOSIVES LOADING DELAY PATTERN FOR A 23 HOLE ROUND 
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PARAHO DEMONSTRATION PROJECT 
MAN/MACHINE VIORK STUDIES 


Anvil Points Mine 
Rifle, Colorado 


October 1975 


PROJECT: 


Work Studies - Scaling 


DESCRIPTION: 

Work studies using elemental times were used to calculate 
a standard cycle time for the scaling of one twenty foot round. 
PURPOSE: 

Calculation of a scaling cycle time for a commercial size 
mining operation. 
AUTHOR : 


W. W. Moulton 


7) 





PROJECT LOCATION AND SCALING FUNCTION 


This industrial engineering project was performed at the 
Paraho Demonstration Project's Anvil Points Mine, near Rifle, Colorado. 
The mine utilizes room and pillar mining for the extraction of oil 
shale rock. Room dimensions are 55 feet wide and 40 feet high. A 
round advances twenty feet producing approximately 2,950 tons of oil 
shale rock. The scaling function follows the loading and hauling of this 
2,950 tons of rock. Scaling of the face and ribs amounts to approximately 
4,600 square feet of area in which seventy to one maddest tons of oil 
shale rock are produced. Some hand scaling is required in the present 
operation as the scaling machine will only reach to within three feet 
of the roof. Even with a four foot boom extension the maximum reach is 


thirty-seven feet. 


EQUIPMENT DESCRIPTION 


A Gradall 660 rubber-tired, hydraulic excavator with a 
telescoping boom equipped with a ripper tooth is used for coating The 
unit is diesel powered with a dry oxy-catalyst scrubber on the exhaust. 

Cleanup equipment consists of a Hough 560 Pay Loader equipped 
with a 6.5 yard bucket and two fifty ton International Harvester Pay 


Hauler trucks. These are the main loading and hauling components. 
STANDARD CYCLE TIME 
The scaling function takes place following the loading 
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and hauling fimction. Standard cycle time is the computation of the 
total time required to scale the area exposed by a twenty foot round. 
Total time is the summation of elemental times derived from the timing 


of cycle elements. Cycle elements for scaling are as follows: 


STANDARD CYCLE TIME: 
1) Spot and respot scaler at various locations in drift 


2) Scale (time duration for a given area) 


The above cycle elements form a part of the total work 
cycle. The other parts of the total work cycle are delays and the hand 
scaling of the upper three feet of the face and ribs in each round. 
Timewise, the hand scaling element forms the major part of hs total 
work cycle. | 

The man/machine time chart, page 5, is a step by step break- 
down of cycle element times with a cumulative time summation. This 
chart is followed by a summary which shows total times, tons of 
rock scaled per minute, square feet scaled per minute and the number 


of rounds scalable per day. 


ACTUAL WORK CYCLE 
Scaling - 1 operator - 1 scaling machine 


CONDITIONS - AREA TO BE SCALED: 
Floor - Irregular 
Face - 55' wide x 40' high - normal after blast 
Right Rib - 30' wide x 40' high - normal after blast 
Left Rib - 30' wide x 40' high - normal after blast 
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POSSIBLE PRODUCTIVE WORK TIVE: 


(Assume 100% utilization of available time) 


Allowances : 
Travel to Work 
Travel to Lunch 
Lunch 
Return to Work Place 
Personal 
Supervision 


Travel from Mine 


30 Minutes 


5 Minutes 


30 Minutes * 


ee Minutes 


15 Minutes 


15 Minutes 


* Not Paid and Not Included in Total 


30 Minutes 
100 Minutes 


Total Work Day - 8 hours or 480 minutes = 480 - 100-= 380 
(possible productive work time) 


Actual Work Times - Starting Time 11:20 
Go to Lunch 12:00 


Return to Work 12:45 


Finishing Time 2:44 


) 
) 
) 
) 


4O Minutes 


119 Minutes 


159 Minutes 








ACTUAL WORK CYCLE 


Hand Scaling Required - 4 hours - 2 men 


Actual Time: 8:25 A.M. to 12:25 P.M. (Done the day after mechanical scaling 


was done) 
ACTUAL LUNCH: 
5 Minutes to Lunch 
35 Minutes Lunch (30 Minutes Not Paid) 
5 Minutes to Return to Work 
MAN/MACHINE TIME CHART 
_ Cumulative Distance 
Cycle Element Time Time Traveled 
Move into face 5.49 5.49 630 feet 
Set up on right rib 44 B03 
Scaling Ney de Yaad a ge pe 
Respot at right rib P20 Zo700 
Scaling pages 26.05 
Respot at right rib 35 26.40 
Scaling sey Bin. 92 
Respot to left rib 82 32.74 
Scaling 4.42 3716 
Fespot to center face 76 SH ie Fs 
Delay: inspect face Deve 41.84 
Delay: inspect boom 2224 44.08 
Delay: wait for dust to clear 2.64 46.72 
Scaling 2ilye/ 3 68.45 
Respot to right face age 68.67 
Scaling 8.20 76.87 
Respot to left rib 898. hm 77.85 
Scaling iGo 99.610 
Delay: inspect boom Lin 7, Gh, Os 
Respot to left rib .48 FiGon 
Scaling 7.64 105.19 
Respot to left rib 1.04 106.23 
Scaling 8.62 114.85 
Respot to left rib 2.46 LoL 
Scaling 9782 12718 
Move out of face eee a le 585 feet 
Clean up muck 26 0D 159.00 
Lunch 45.00 204.00 
Hand scaling 240.00 444.00 








eg Wee THB OE. as See Si. fe oe Seo. * 
= en ; “ 
; . 3R 
\ jl , 7 Tt Tas: 
f ie ward _ ™ 
4 VW HAN a hy 
> r 
. tie) af 
} lhe 
: i Pes ‘ 
pil Vil ‘ } 
f Ld COR y ‘ ape - 
ald ie want “ vo i 
i ¢ eek ae ; | ’ ws " 
).@ a ia Fi A g 
aT | Sea a4 Oe Es ks a 7% ih pe \ &,' 
fa } ha Sh?! pO ent ei ee 


' ST eR, Wa ede ee) 
' Pai ‘ie 7 , aa ' 7 r, 7 : 
APN A a ee ea 


ay ' | a 
ary 1, UK. i‘ oP 


ane ahs ih 


s 


someld  owitslumd. . 
belavartt oS ee se 


test 0&9 ez RAL 











bs 4 : ‘ . a ey) ‘ae 
on ia 7) ip! ah here mT as 

riety yl ni a! 
~ apa , 


i taal yee j 
Usd ia QU 7s ae ee 
Ae J ihe 


’ ey Me AD bat ; i+; ma: 
ss ah - Me ia iia my ” on it ‘ 
ia 


* 





» 






ao 
oe 
1-3 
~ 
and 










ge . ve ay . Hy ' s >. m Wy ue f oe , R : nary! « 
a8) 90 ¢ ; ae Von 
ae | ae / 





e 
a. 


md ip Np he he a 


ze i tiso® Bat \ 


Pag 


ae ee 


Tory a ‘Biapt i =e if ysee ¥ 
a _ ? a 


aera No, fo Ce aa 
tah ff 3)! " { ee i ™ ‘ 
mm ite) ih . 
eT UE i om sais alan 


- 


1 , 7 Maiti 
5 <, : 

y nd . * 

: “f ‘ay Kaas i 

Pigs sp, Mt Say p 

o ‘ ay wo uy 
- y We i 

Ai )iy means tae, Se eet ee iy ae are 


ACTUAL WORK CYCLE 
SUMMARY 


TOTAL TIME - MECHANICAL SCALING 159 Minutes 
TOTAL TIME - HAND SCALING 240 Minutes 


TOTAL TIME 399 Minutes 


Mechanically scaled approximately 72 tons, 75 tons with hand scaling. 





Ve. = .452 tons/minute scaled mechanically 
159.00 | 

75 = ,.188 tons/minute scaled (includes hand scaling) — 
399.00 


4600 = 28.93 square feet/minute scaled mechanically 


380 minutes/day (PPWI*) = 2.39 rounds scaled/day mechanically 
159.00 


380 minutes/day (PPWI*) = .952 rounds scaled/day (includes hand scaling) 
399.00 


*Possible Productive Work Time 


PROJECTED SCALING REQUIREMENTS FOR A COMMERCIAL OPERATION 


i 


In order to attain maximm efficiency in the scaling function 
in a commercial size operation a scaling machine will have to meet 
the following parameters: 


1. Material 
a. Oil Shale (arlstone) 
D., Yo-c0" Lbs. 7 tt. 
c. Loose slabs up to 2 tons 
d. Material breaks with conchoidal fractures, 
has very sharp edges, is dusty, free 
flowing and slightly alkaline 
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Scaling Concept 
a. Upper level heading 
Le righ ribss0 ft. wide. X35 ftii hich 
2) face Je ft, wide X:35\ ft. hich 
3) left rib 30 ft. wide X 35 ft. high 
b. Lower level bench 
1) right rib 30 ft. wide X 45 ft. high 
2) lett xib .300ft)) wide X'45\ft. high 
c. One cut heading (if possible) 
1) right rib 30 ft. wide X 55 to 60 ft. high 
2) face 95 ft. wide X 55 to 60 ft. high 
3) left rib 30 ft. wide X 55 to 60 ft. high 
d. Average cycle generates 80 to 100 tons of scaled rock 
e. Scaling would be done between mucking and roof bolting- 
3 shifts per day - 7 days per week 
f. Tramming distance of 300 feet between scaling areas 


Design Factors 
a. Operator requirements 
one man operation from common scaling - trarming cab 
2) low operator fatigue 
3) operator safety from falling - ricocheting rock and isolation 
from dust | 
4) operator be elevated for good visibility of full scaling - 
height 
5) control levers have ''deadman" self-centering 
6) sufficient illumination of scaling surface 
NOTE: Infrared scanners are being studied by the 
U. S. Bureau of Mines for detection of 
loose slabs to facilitate more efficient 
scaling. 
b. Equipment requirements 
1) scaler undercarriage maintain a safe distance from the face 
2) scaling device be a single ripper or scaling tooth 
with a raking or prying action 
3) anticipation of 200+ H.P. integral wit 
4) stable boom and undercarriage, to withstand severe 
shock from a sudden release of energy as rock comes 
free 
5) do effective scaling 
6) high degree of mobility 
7) acceptable equipment working availability 
8) ability to scale over the side of the carrier to 
cut down repositioning time 
9) productivity ; 
10) good availabilty of spare parts 
11) maintain low operating and maintenance cost 
12) meets Federal regulations for underground safety and 
emission 
13) maxinnm equipment life possible for low wit replacement 
in a 20 year or more operation 








PROJECTED WORK CYCLE 


A work cycle in a commercial size operation will require little 
or no hand scaling as the scaler will be able to reach all points in 
a recently blasted area. A projected work cycle time for a comercial 
scaling operation based on the previous scaler requirements is as follows: 


1) Scale a standard size heading (approximately 4,600 square 
feet) in approximately 83.63 minutes 


2) At 55 square feet scaled per minute 
3) And based on 100 tons of scaled rock per round 
this equals .0217 tons of rock scaled per square foot. 
ASSUWWE : 
8 hour or 480 minute work day (collar to collar) 


Allowances: 
Travel to work place 10 Minutes 
Lunch _ 30 Minutes * 
Personal | 15 Minutes 
Supervision 10 Minutes 
Return to Surface 15 Minutes 


80 Minutes 
* Lunch Breakdown 
5 minutes to lunch room 
20 minutes to lunch 
5 minutes to return to work 


480 - 80 = 400 minutes (possible productive work time) 


400 = 4.783 rounds scaled per 8 hour shift 
83.63 . 


= 95.66 rounds scaled per week 








PARAHO DT ORSTRATICN PROJECT 


MAN/MACHINE VORK STUDIES 
ROOF POLTING 


October 
1975 











TABLE OF CONTENTS 


PROJECT LOCATION AND ROOF BOLTING FUNCTION------------------ 


RUMMIS ERE ECG ETI tage oc £2 ence oe ea 


7-8 


PARAHO DEMONSTRATION PROJECT 


MAN/MACHINE WORK STUDIES 


Anvil Points Mine 
Rifle, Colorado 


October 1975 


PROJECT : 
Work Studies - Roof Bolting 


DESCRIPTION: 
Work studies utilizing a break out of elemental times were used 


to calculate a standard cycle time for roof bolting one 20-foot round. 


PURPOSE : 
Calculate a roof bolting cycle for a commercial size mining 


operation. 


AUTHOR: 
W. W. Moulton 
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PROJECT LOCATION AND ROOF BOLT FUNCTION 


This industrial engineering project was performed at the Paraho 
Demonstration Project's Anvil Points Mine, near Rifle, Colorado. The 
mine utilizes room and pillar mining for the extraction of oil shale rock. 
Room dimensions are 55 feet wide and 40 feet high. The roof is a natural 
parting plane approximately 20 feet above the Mahogany Marker. 

It is felt roof bolting is necessary to create and insure a 


continuous and more competent roof beam. 
EQUIPMENT DESCRIPTION 


Roof bolting is performed by an aerial crane mounted on a rubber- 
tired, diesel powered carrier (Figure 1). Drilling is accomplished by a 
Gardner-Denver D-93 HR drill equipped with screw feed and hydraulic rotation. 
This drill is mounted on the crane platform. 

Table I below indicates the type and manufacturer of the bits, 


steel, roof bolts and other accessories used in the roof bolting sequence. 


TABLE I 
Item Manufacturer Size Remarks 
Bits Timken 1-5/8" and 1-3/4" Tungsten/Carbide Rotary- 
Percussion Bit 
Steel Gardner-Denver 1-1/8"' round steel — 


with 1-1/8'"' Hex Shank 
Roof Bolts Colorado Fuel & 


Iron 3/4" x 6', 7', & 10' 10' bolts used along ribs 
Roof Bolt D-3 Patten Expansion 
Anchor Patten _ Shell 
Plates Colorado Fuel 

& Tron 6" x 6" x 3/16" 
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STANDARD CYCLE TIME 


The roof bolting cycle takes place after a heading has been 
blasted and mucked. 

Standard cycle time is the computation of the total time 
required to bolt the back exposed by a 20 foot round. Total time is the 
summation of the elemental times derived from the timing of the cycle 
elements. Cycle elements for roof bolting are as follows: 

Move in, set up, tear down and move out; 
Locate and relocate on prospective hole; 
Collaring the hole; 

Drilling the hole; 

Retracting the drill; 


Inserting the bolt; 


—I ON Un Ee Co eS ae 


Anchoring the bolt. 


The above cycle elements form the major part of the total more 
cycle. The other part of the total work cycle is made up of various delays. 
These delays are noted in the man/machine charts where they occurred in 
the bolting sequence. 

Standard industrial engineering procedures used in this analysis 
involve calculation of mean times, standard deviation and percent standard 
deviation. In order to determine if a sufficient number of element cycles 
were recorded to allow a confidence level of 95 percent, each element 
cycle was analyzed using the "'t'' test. This calculation is included 
on pages 9 to 15. 

| The man/machine time chart, pages 15 to 23, is a step by step 


breakdown of cycle element times with a cumulative time summation. 


ae 


This chart is followed by a summary sheet which shows the total times, 
means, standard deviations and percent standard deviations for each 


cycle element. 


ACTUAL WORK CYCLE 
Roof Bolting - 1 operator - 1 drill 


CONDITIONS : 
Floor - Irregular 


Back - Smooth with no large fractures or irregular areas 


TABLE IT 
ROOF BOLTING PATTERN 


First Round in Crosscut 
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FOR THIS ROUND 47 BOLTS/ROUND WERE REQUIRED 
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ACTUAL WORK CYCLE 
Roof Bolting - 1 operator - 1 drill 


POSSIBLE PRODUCTIVE WORK TIME: 


(Assume 100% utilization of available time) 


Allowances : 
Travel to Work 30 Minutes 
Travel to Lunch 5 Minutes 
Lunch 30 Minutes * 
Return to Work 5 Minutes 
Supervision 15 Minutes 
Personal 15 Minutes 
Travel from Mine 30 Minutes 


100 Minutes 


* Not Paid and Not Included in Total. 


Total Work Day - 8 hours or 480 minutes = 480 - 100 = 380 minutes 
(possible productive work time) 


Actual Work Times - Starting Time 8:45 A.M. ) 
7 Go to Lunch LL:50 ALM) 191 Minutes 
Retinnsto: Workie. 2:52. P.M.” ) 
Finish Bolting 2:21 P.M. ) 89 Minutes 
280 Minutes 


ACTUAL WORK CYCLE 


Roof Bolting - 1 operator - 1 drill 


CYCLE ELEMENT TOTALS FOR 47 (7') BOLTS TOTAL TIME 
1. Move in, set up, tear down, move out 35.56 Minutes 
2. Locate and relocate on prospective hole 70.97 Minutes* 
3. Collar the hole 1.41 Minutes 
4. Drill the hole 97.76 Minutes 
5. Retract the drill 11.28 Minutes 
6. Insert the bolt 41.36 Minutes 
7. fénchor the bolt 7.52 Minutes 
8. Delay time 14.00 Minutes 
TOTAL 279.86 Minutes 


*Time projected for 47 bolts as actual times were taken for 46 


279.80 + 47 = 5.95 minutes to install 1 roof bolt 
380.00 + 279.78 = 1.358 rounds roof bolted per day 


The drilling cycle represents about 35% of the total cycle 
time and the location of the drill on the prospective holes represents 
25.4% of the total cycle time. Together they represent 60.4% of the 
total cycle time which would indicate a change in machine design. This 
change would be an increase in the number of drills on the roof bolting 
jumbo. Increasing the number of drills to four would cut dom on the 
number of times the jumbo would have to be relocated on prospective 
Paice and would increase the number of holes drilled in conjunction 


with each other thus making the roof bolt function more efficient. 


eh 


PROJECTED WORK CYCLE 
Roof Bolting 


PROJECTED ROOF BOLTING PROCEDURE FOR A COMMERCIAL OPERATION 


In order to attain maximm efficiency in the roof bolting 
function the roof bolting jumbo will be a multiple drill; a completely 
mobile, self-contained unit. It will be a diesel powered, rubber-tired 
chassis equipped with a compressor, hydraulic pumps and storage for 
fuel, water, hydraulic fluid, roof bolts and roof bolt accessories. 

Power for the compressor and hydraulic pumps will be supplied by a diesel 
engine. 

Table III shows a work cycle for a roof bolting jumbo equipped 


with four drills and operated by two men. 


TABLE III - PROJECTED WORK CYCLE 


Roof Bolting - 2 operators - 4 drills 


Total time to roof bolt 1 round 
1 operator - 1 drill (minus delays 


and move in and move out time) = 230.30 = 60.60 
actor for 2 operators - ills 3.8 


60.60 
Move in - move out 35.56 
Add delays 14.00 
Total Time 110.16 
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ASSUME 


8 hour or 480 minute work day (collar to collar) 


ALLOWANCES 
Travel to work place 
Lunch 
Personal 
Supervision 


Return to surface 


10.00 Minutes 
30.00 Minutes * 
15.00 Minutes 
10.00 Minutes 


15.00 Minutes 


80.00 Minutes 


*Assume 5 minutes travel to lunch; 20 minutes lunch and 5 minutes 


return to work. 


480 - 80 = 400 (possible productive work time) 


400 + 110.16 = 3.631 rounds roof bolted per 8 hour shift, or 


approximately 72.621 rounds per week, based on 20 shifts per week. 
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ROOF BOLTING - LOCATION AND RELOCATION TIME IN MINUTES 


Calculations to estimate true mean (M) from sample data. 


ea C6016 
Paes AG 

s = 47.51 
@x~ = 109(02 





Sx) =/ éxe- x 4x 
N-1 
S(x) = 109.02 - 1.51(69.46) 
S(x) = 02 - ; =/4.14 ~/0.09 =0.30 
; AL? Cm ee ek AS te 





S@) = SG) 
Oy EN 


S(x) = 0.30 = 0.30 = 0.04 


eens 


V 46 6.78 





M@ 95% Confidence Level 
x +T 0.05 S(&) 

1.51 #2.014 (.04) 
1.51 +0.09 minutes 
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ROOF BOLTING - COLLARING THE HOLE 


Calculation to estimate true mean (M) from sample data. 





é& = 1.41 

N = 47 

X¥ = 0.03 

fx2 = 0.0492 
S(x) =_/ é2 - ¥& 


N- 


S(x) =_/ 0.0492 - 0.03(1.41) 
S(x) = / 0.0492 - 0.0423 = / 0.0069 =/ 0.0002 Oy ved 
Byer = Gon are ~ 46 





S&) = St) 
S(x) = 0.0122 = 0.0122 = .0018 
vV 47 6.8557 





M @ 95% Confidence Level 
M = x +T 0.05 S(&) 

M = 0.03 #2.0133 (.0018) 
M = 0.03 +0.0036 minutes 
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ROOF BOLTING - DRILLING THE HOLE 


Calculations to estimate true mean (M) from sample data. 


& = 97.76 
No = 47 

xX = 2.08 
fx2 = 206.84 





Sx) = | x2 -X & 
N-1 
S(x) = /206.84 - (2.08) (97.76) 
S = /206.84 - 203.34 =/ 3.50 0.08 0.28 
Cok ye +/ nA 





S@) = SG). 
VN 

ie ey Geer R OS tes KOA 
xJ 47 6.68 





M @ 95% Confidence Level 
M=x +T 0.05 S(xX) 

M = 2.08 +2.013 (0.04) 
M = 2.08 +0.08 minutes 
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ROOF BOLTING - RETRACT DRILL 


Calculations to estimate true mean (M) from sample data. 


&x = 11.28 
N= 47 

xX = 0.24 
ae = 2.68 


Sx) = bx* - X &(x) 
SPCC os Pera 


Stx) =_ /2.68 - 0.24€11.28) 
SEES, 2aF fy My ERM CPS PT 
S(x) = /2.68 - 2.70 =_/-.02 = +/ -00043 = ,0208 
x +/ 





S&) = S(x) 
+/ N 

Sm = .0208 = #£.0208 = 0.003 
af 47 6.85 





M @ 95% Confidence Level 


M =~ X.2T.0.05, SCX) 
M = 0,24 £ 2,013°(07003) 
M = 0.24 + 0.006 minutes 
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ROOF BOLTING - INSERT ROOF BOLT 


Calculations to estimate true mean (M) from sample data. 


x 


& x2 


S (x) 


S(x) 


Si 


S(X) 


S (Xx) 


41.36 

47 
0.88 

36.19 


= (36.19 - .88(41.36) 
aL 


= /36.19 - 36.40 = /-.21 =7/.0046 
| a as 46 


OSS) 
= .0676 = .0676 = .0099 
5/ 47 6.85 


M @ 95% Confidence Level 


2140. 0555 (x) 


0.88 +2.93 (.0099) 
Oee Oso koO minutes 


3135 


0.0676 
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ROOF BOLTING - ANCHOR BOLT 


Calculations to estimate true mean (M) from sample data. 


om. we of 2D 

N = 47 

x = 16 

ge? = 1,37 

S(x) = & -X & 
cas eh 

Seah oom i eye 


S(x) =/1.37-1.20 =/.17 v/.0036 = .06079 
POON Sern gare eae 





5) eeeae aX) 
<n 

S(x) = .06 = .06079 = .0088 
[47 6.85 


M @ 95% Confidence Level 


Mieex, 27.0205 5(8) 


ie 
I 


.16 + 2.013 (.0088) 


as 
i 


,l6 ¢ .017 minutes 
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MAN/MACHINE TIME CHART 
Actual Roof Bolting - Anvil Points Mine 


October 1975 


HOLE NO. FLEMENT TIME 
1 Move into face 2.40 
Set up to bolt 24.00 
Collar hole .05 
Drill hole 2.36 
Retract drill W235 
Insert bolt 1324 
Anchor bolt PES 
2 Relocate 1942 
Collar hole .08 
Drill hole 2702 
Retract drill 22 
Insert bolt 91 
Anchor bolt apts} 
3 Relocate 2.00 
Collar hole .04 
Drill hole 2.09 
Retract: drill Lat 
Insert bolt Ms) 
Anchor bolt OW 
4 Relocate bali 
Collar hole .03 
Drill hole 2211 
Retract drill A22 
Insert bolt .88 
Anchor bolt +15 
3 Relocate 2.00 
Collar hole .04 
Drill hole 2202 
Retract drill .24 
Insert bolt .88 
Anchor bolt .19 
6 Relocate 1.48 
Collar hole .03 
Drill hole 2456 
Retract drill 23 
Insert bolt .87 
Anchor bolt a3 
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MAN/MACHINE TIME CHART 
Actual Roof Bolting - Anvil Points Mine 


October 1975 


HOLE NO. ELEMENT TIME 
V4 Relocate Ligot 
Collar hole .04 

Drill hole De22 

Retract drill p20 

Insert bolt 91 

Anchor bolt oh hg, 

8 Relocate dod 
Collar hole .02 

Drill hole Tati: 

Retract drill 423 

Insert bolt .85 

Anchor bolt .18 

9 Relocate TaN 
Collar hole .03 

Drill hole 2195 

Retract drill 124 

Insert bolt .89 

Anchor bolt vl2 

10 Relocate 120 
Collar hole 03 

Drill hole Deal: 

Retract drill ye 

Insert bolt 86 

Anchor bolt .09 

He Relocate eG 2 
Collar hole .03 

Drill hole Ql 

Retract drill .23 

Insert bolt .83 

Anchor bolt .09 

AZ Relocate 1.88 
Collar hole .03 

Drill hole Dino 

Retract drill .24 

Insert bolt 1.26 

Anchor bolt .14 
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MAN/MACHINE TIME. CHART 
Actual Roof Bolting - Anvil Points Mine 


October 1975 

HOLE NO. ELEMENT TIME 
13 Relocate B14 
Collar hole .03 

Drill hole 1.98 

Retract drill :22 

Insert bolt .78 

Anchor bolt s13 

14 Relocate £;35 
Collar hole .04 

Drill hole 2.06 

Retract drill 223 

Insert bolt .86 

Anchor bolt .18 

15 Relocate 1:42 
Collar hole .03 

Drill hole 232 

Retract drill 23 

Insert bolt 81 

Anchor bolt ik3 

16 Relocate 1.89 
Collar hole .04 

Drill hole 2522 

Retract drill .29 

Insert bolt 77 

Anchor bolt 15 

17 Relocate 1.39 
Collar hole .03 

Drill hole 1.98 

Retract drill :22 

Insert bolt .84 

Anchor bolt i36 

18 Relocate 1.46 
Collar hole “C2 

Drill hole 2.02 

Retract drill 125 

Insert bolt .83 

Anchor bolt .16 
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MAN/MACHINE TIME CHART 


Actual Roof Bolting - Anvil Points Mine 


October 1975 

HOLE NO. ELEMENT TIME 
19 Relocate 12h 
Collar hole 02 
Drill hole 1.96 
Retract drill ys 
Insert bolt .82 
Anchor bolt skZ 
20 Relocate 2.09 
Collar hole .03 
Drill hole 2 OF 
Retract drill 24 
Insert bolt .88 
Anchor bolt 18 
Zt Relocate 1.36 
Collar hole .03 
Drill hole 2.04 
Retract drill .24 
Insert bolt .82 
Anchor bolt 2k 
22 Relocate 1.36 
Collar hoie .03 
Drill hole 2.02 
Retract drill 23 
Insert bolt .88 
Anchor bolt .18 
23 Relocate $235 
Collar hole .02 
Drill hole 2.26 
Retract drill 23 
Insert bolt .84 
Anchor bolt LZ 

DELAY - get more 
bolts and plates 9.00 
24 Relocate bat 
Collar hole .03 
Drill hole 2.40 
Retract drill 24 
Insert bolt :53 
Anchor bolt de | 
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26 
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28 


29 
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MAN/MACHINE TIME CHART 


Actual Roof Bolting - Anvil Points Mine 
October 1975 


ELEMENT 


Relocate 
Collar hole 
Drill hole 
Retract drill 
Insert bolt 
Anchor bolt 


Relocate 
Collar hole 
Drill hole 
Retract drill 
Insert bolt 
Anchor bolt 


Relocate 
Collar hole 
Drill hole 
Retract drill 
Insert bolt 
Anchor bolt 


Relocate 
Collar hole 
Drill hole 
Retract drill 
Insert bolt 
Anchor bolt 


Relocate 
Collar hole 
Drill hole 
Retract drill 
Insert bolt 
Anchor bolt 


Relocate 
Collar hole 
Drill hole 
Retract drill 
Insert bolt 
Anchor bolt 
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MAN/MACHINE TIME CHART 


Actual Roof Bolting - Anvil Points Mine 
October 1975 





CUMULATIVE 

HOLE NO. ELEMENT TIME TIME 
SL Relocate a4 LEO SD 
Collar hole S02. lusioyee a 

‘Drill hole 2.49 188 .06 

Retract drill fae. 188.28 

Insert bolt 94 189.22 

Anchor bolt 283 189.35 

82 Relocate L&z3 190.58 
Collar hole £03 190.61 

Drill hole 1.91 192.52 

Retract drill .26 192.78 

Insert bolt .87 193.65 

Anchor bolt 826 193.91 

33 Relocate 1.26 195 34:/ 
Collar hole 503 | 195.20 

Drill hole 2.08 197.28 

Retract drill 226 197 .54 

Insert bolt .99 HIBS 

Anchor bolt 14 198.67 

34 Relocate 1.86 200.53 
Collar hole .02 200.55 

Drill hole 1.86 202.41 

Retract drill £22 202 .63 

Insert bolt Lato 203762 

Anchor bolt 16 203.98 

85 Relocate RS aa 205.29 
Collar hole .04 205.33 

Drill hole eel? 206.45 

Retract drill .28 206.73 

Insert bolt .86 207.59 

Anchor bolt .18 207.677 

36 Relocate 1.42 209.19 
Collar hole .03 209.22 

Drill hole 2.08 Ze e380 

Retract drill .26 ZL 256 

Insert bolt .85 21241 

Anchor bolt #5 212.56 


uO 





MAN/MACHINE TIME CHART 


Actual Roof Bolting - Anvil Points Mine 


October 1975 

HOLE NO. ELEMENT TIME 
37 Relocate bers 
Collar hole O02 

Drill hole 1.88 

Retract drill .24 

Insert bolt OL 

Anchor bolt a is) 

38 Relocate 1.06 
Collar hole .03 

Drill hole 2.07 

Retract drill ap ds 

Insert bolt .83 

Anchor bolt .19 

39 Relocate | ee 
Collar hole 02 

Drill hole 1.95 

Retraect drill a! 

Insert bolt .89 

Anchor bolt 52 

40 Relocate ie Ak 
Collar hole .03 

Drill hole 1.76 

Retract drill 23 

Insert bolt 79 

Anchor bolt .16 

41 Relocate phapiss 
Collar hole .02 

Drill hole 1.89 

Retract drill .26 

Insert bolt .82 

Anchor bolt 17 

42 Relocate 1 S82 
Collar hole 103 

Drill hole 1.86 

Retract drill 24 

Insert bolt .80 

Anchor bolt a2e 
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MAN/MACHINE TIME CHART 
Actual Roof Bolting - Anvil Points Mine 


October 1975 

HOLE NO. ELEMENT TOE 
43 Relocate L320 
Collar hole .03 

Drill hole e/g 

Retract drill '26 

Insert bolt 81 

Anchor bolt "16 

44 Relocate 1.64 
Collar hole .04 

Drill hole 1.86 

Retract drill #25 

Insert bolt .78 

Anchor bolt .18 

45 Relocate We 
Collar hole 502 

Drill hole 1.86 

Retract drill 125 

Insert bolt .88 

Anchor bolt 15 

46 Relocate 232 
Collar hole .02 

Drill hole 1.88 

Retract drill 23 

Insert bolt 94 

Anchor bolt #17, 

DELAY - get one bolt 5.00 

47 Relocate 1.26 
Collar hole LOZ 

Drill hole 1.96 

Retract drill Aa 

Insert bolt .86 

Anchor bolt .18 

Tear down, move out 9.00 


BO. 
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MAN/MACHINE TIME CHART 


Actual Roof Bolting - Anvil Points Mine 
October 1975 


SUMMARY SHEET 


Occurrences 
Total of Cycle Standard 


COR SI iO xgs Ch-~ 


Move in, set up, tear 
down, move out 


Locate and relocate 
on prospective hole 


Collar the hole 
Drill the hole 
Retract the drill 
Insert the bolt 
Anchor the bolt 
Delays 


Time Elements 


35.56 


69.46 

1.41 
o/ 10 
11,28 
41.36 
Tipe 
14.00 





278.35 


SOs. 


is 


Mean Deviation 


17.78 


‘ee 
0.03 
2.08 
0.24 
0.88 
0.16 


E270 


0.30 
0.01 
0.27 
0.02 
0.10 
0.04 


te 








FIGURE I 
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PARAHO DEMONSTRATION PROJECT 
MAN/MACHINE WORK STUDIES 


Anvil Points Mine 
Rifle, Colorado 


October 1975 


PROJECT: 
Work Studies - Ventilation System - time required in 


expending and moving the system. 


DESCRIPTION: 
Data collection on this function was directed to the time involved 
to take down, move and install the various components comprising the 


yentilation system. 


PURPOSE: 
To develop standard times for a commercial operation from actual 
times observed in the pilot mine. 


AUTHOR: | 
W. W. Moulton 














fi 


ii wwe ‘ q mi 
| | r > 
ae ie mu | 


PROJECT LOCATION AND VENTILATION FUNCTION 


This industrial. engineering project was performed at the Paraho 
Demonstration Project's Anvil Points Mine, near Rifle, Colorado. The 
mine utilizes room and pillar mining for the extraction of oil shale rock. 
With room dimensions of 55 feet wide and 40 feet high, an efficient 


ventilation system is needed. 


EQUIPMENT DESCRIPTION 


Ventilation in the Anvil Points Mine is accomplished by the use 
of fans, fon permanently placed and mobile. The pemnanently placed fan 
is six feet in diameter and is installed approximately 800 feet from the 
Able Drift portal entrance (see diagram, page 8). The other two fans 
are mobile and are moved into working areas. 

Table I indicates the size, horsepower of the motor, manufacturer 
and cubic feet of air moved per minute for each fan. 

Equipment used in the process of moving the 72" fan included 
the roof bolting carrier, powder monkey carrier and the Hough 560 Pay 


Loader. 
TABLE I 
MOTOR CUBIC FEET OF 
DIAMETER H3P.. MANUFACTURER & RPM AIR MOVED/MINUTE 
TEAM este Joy 4,400 100, 000 
26 40 H.P. Joy 3,450 Not Available 
26) te rds bo Joy 1725 Not Available 
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CYCLE TIMES 


Cycle times were taken when the six foot Joy fan was moved 150 
feet further into Able Drift. Cycle times were taken for the following 


elements: 


Unhook electricals and take down the fan; 
Install roof bolts to hang the fan; 

Hang the fan 150 feet from previous location; 
String electrical cable to the fan; 


Hang vent bag to the fan; 


Ow Ur —& CF Ny tft 


Hook up fan electricals. 


ACTUAL WORK CYCLE 
Ventilation System - 6 Men 
CONDITIONS : 
Floor - Gnooth and Clean 
Back - Smooth with Roof Bolts 
POSSIBLE PRODUCTIVE WORK TIME: 


(Assume 100% utilization of available time) 
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Allowances ; 


Travel to Mine 30 Minutes 
Travel to Launch 5 Minutes 
Lunch 30 Minutes * 
Return to Work 5 Minutes 
Supervision 15 Minutes 
Personal 15 Minutes 
Travel from Mine 30 Minutes 
100 Minutes 


* Not Paid and Not Included in Total. 


Total Work Day - 8 hours or 480 minutes = 480 - 100 = 380 minutes 
(possible productive work time) 


Actual Work Times - August 14, 1975 August 15, 1975 
Starting Time . 10:38 A.M. 8:10 A.M. 
Finishing Time 6:02 P.M. 6:00 PM. 
Total Minutes Working Time 444 Minutes 590 Minutes 


ACTUAL WORK CYCLE 


August 14, 1975 - Five men worked a total of 729.22 man-minutes or 12.15 


man-hours. 
Two Men 
Unhook electricals and take down fan 63.55 Minutes 
Tie Ventilation Bag Together (6 sections) 192.06 Minutes 
One Man 


Install roof bolts to hang fan and vent bag 143.00 Minutes 
ape 
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Lumch: 5.0 Minutes to Iamch 
35.0 Lunch (30 Minutes not paid) 
5.0 Minutes return to work 
Total: 45.0 Minutes 
443.61 Minutes 
Minus (30 minute not paid lunch) 30.00 Minutes 


413.61 Total Working 
Minutes 


August 15, 1975 - Seven men worked a total of 2,223 man-minutes or 


37.05 man-hours. 


Three Men 
Hang Fan 230.00 Minutes 
Two Men 
String up Electrical Cable 79,00 Minutes 
Three Men 
Hang Vent Bag | 240.00 Minutes 
Two Men 
Hook up Electricals 240.00 Minutes 


Lunch: 5.0 Minutes to Lunch 
45.0 Minutes Lunch (30 minutes not paid) 
5.0 Minutes Return to Work 


Total: 55.0 Minutes 


844.00 Minutes 
Minus (30 minute lunch) 30.00 Minutes 
Total Working Minutes 814.00 
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Total man-hours required to take down, move and install 
various camponents comprising the ventilation system are as follows: 
August 14, 1975: 729.22 man-minutes = 12.15 man-hours 


August 15, 1975: 2223.00 man-minutes = 37.05 man-hours 


Total Man-Hours 49.20 
System was moved 150 feet - 150 feet = 3.05 feet per man-hour 
49.20 
BREAK OUT THREE ELEMENTS 
These elements are: tie the vent bag together, roof bolt to hang vent 


bag and hang vent bag are as follows: (times are 
in man-minutes) 


Tie vent bag together (6 sections) 384.12 Man-Minutes 
Roof bolt to hang vent bag 143.00 Man-Minutes 
) Hang vent bag 720.00 Man-Minutes 
1246.12 Man-Minutes 
1247.12 = 20.78 Man-Hours 
60 
150 ft. = 7.21 feet/man-hour to assemble vent bag sections, roof bolt 
20.78 to hang vent bag and hang vent bag. 
PROJECTED WORK CYCLE 
COMMERCIAL OPERATION 
In projecting a work cycle for the moving of certain components 
of a ventilation system same important factors will have to be considered. 
A commercial size operation will require a trained crew with special 
equipment to keep the progress of the ventilation system in conjunction 
Pp with mine development. In view cf the immense size of an oil shale mine, 


the large tonnages of rock that will be handled and the vast amounts of 
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PARAHO DEMONSTRATION PROJECT 
MAN/MACHINE WORK STUDIES 


Anvil Points Mine 
Rifle, Colorado 


November 1975 


PROJECT: 


Work Studies - Truck Loading and Hauling 


DESCRIPTION: 

Work studies utilizing a break out of elemental times were 
used to calculate a standard cycle time for truck loading and hauling 
rock produced from one twenty foot round. The standard twenty foot 


round produces approximately 2,950 tons of oil shale rock. 


PURPOSE: 
Calculate a truck loading and hauling cycle for a commercial 


size mining operation. 


AUTHOR: 
W. W. Moulton 
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PROJECT LOCATION AND TRUCK LOADING AND HAULING FUNCTION 


This industrial engineering project was performed at the Paraho 
Demonstration Project's Anvil Points Mine near Rifle, Colorado. The mine 
utilizes room and pillar mining for the extraction of oil shale rock. 
Room dimensions are 55 feet wide by 40 feet high. Each round is designed 
to advance 20 feet and produce approximately 2,950 tons of oil shale rock. 


EQUIPMENT DESCRIPTION 


Truck loading is performed by a Hough 560 Payloader equipped with 
a 6.5 cubic yard bucket. Trucks are 50 ton International Payhaulers. 


STANDARD CYCLE TIME 


The truck loading and hauling function takes place after the 
charging and blasting function. 

Standard cycle time is the computation of the total time 
required to load and haul a truckload of oil shale rock. Total time is 
the summation of elemental times derived from the timing of cycle elements. 
Cycle elements for the truck loading function are as follows: 

Doze the muck pile. 
Load the bucket. 
Back and turn towards truck. 


1 
ie 
5 
4. Travel loaded towards truck. 
5. Dump into truck. 

6 


Travel empty to muck pile. 
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The truck hauling function cycle time is the total time it takes a truck 
to make a round trip from the mine to the crusher stockpile. This time 
includes the loading function time and is listed on page 18. The mean, 
standard deviation and percent standard deviation are also on this page. 

Standard industrial engineering procedures used in the truck 
loading and hauling analysis involved calculation of mean times, standard 
deviation and percent standard deviation. 

In order to determine if a sufficient number of element cycles 
were recorded to allow a confidence level of 95% each element cycle was 
analyzed using the ''t'' test. This calculation is included on pages 6 
to 1l. The "'t"' test for truck hauling is on page 6. 

The man/machine time chart, pages 12 to 18, is a step by step 
breakdown of cycle element times with a cumulative time summation. This 
chart is followed by a summary sheet, page 20 which shows the total time, 
mean, standard deviation and percent standard deviation for each cycle 


element. 


ACTUAL WORK CYCLE 


Truck Loading and Hauling 


1. Loader (equipped with a 6.5 cubic yard bucket) 
2. Trucks (50 ton rating) 


CONDITIONS : 
Roads - in face (muck pile) area - irregular 
~- haulage roads in mine - good (smooth) 


- haulage roads from mine portal to crusher * smooth with 
excessive grade 
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POSSIBLE PRODUCTIVE WORK TIME: 
(Assume 100% utilization of available time) 


Allowances: 
Travel to Work 30 Minutes 
Travel to Lamch 5 Minutes 
Lunch 30 Minutes * 
Return to Work 5 Minutes 
Supervision | 15 Minutes 
Personal 15 Minutes 
Travel from Mine 30 Minutes 


100 Minutes 
* Not Paid and Not Included in Total. 


Total Work Day - 8 hours or 480 minutes = 480 - 100 = 380 minutes 
(possible productive work time) 


CYCLE ELEMENT (TOTALS) FOR TRUCK LOADING: 


These numbers are based on the timing of actual cycle elements; these 


times are for the loading of one bucket. 


Doze the muck pile .09 Minutes 

2. Load bucket 12 Minutes 
3. Back and turn .16 Minutes 
4. Travel loaded .17 Minutes 
5. Dump into truck .99 Minutes 
6. Travel empty .09 Minutes 
0.72 Minutes 
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Truck Hauling 
With a haulage road distance of 5.5 miles from the mine to the 


crusher stockpile it takes a truck 62.625 minutes to camplete a round 
trip (including loading the truck) 


Based on a 1.05 ton/cubic yard - approximately nine loader buckets are 
required to fill a truck. This equals 6.48 minutes, _ | 
62.625 Minutes (truck round trip) 
- 6.48 Minutes (truck loading) 
56.145 Minutes (truck hauling time) 


5.5 miles = 29,040 feet=29.04 thousand feet 56.145 = 1.93 min./1000 feet 
29.04 


1.93 min x 5.280 = 10.19 min. /mile 60.00 min/hr = 5.89 MPH 
10.19 min/mile 


5.89 miles per hour (average) actual travel time = 6.78 loads per 380 
minutes per truck 


= 13.56 loads per work day 
Actual Haulage = 12 loads per work day 


PROJECTED TRUCK LOADING AND HAULING PROCEDURE FOR A COMMERCIAL OPERATION 


In a commercial operation truck loading (using comparable equip- 
ment) will be done in approximately the same amount of time as actually 
timed for this report. Truck hauling will be cut down with respect to , 
distance traveled. Trucks will not be hauling up and down the hill from 
the mine to the crusher stockpile. Truck haulage in a comercial operation 
will be from the working area in the mine to a crusher stockpile just out- 


side the mine portal, 
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TRUCK HAULING 


Calculations to estimate true mean (M) from sample data. 


ax z= #2004 
N = a2 
x = 62.625 
$4 01281490 
i‘ Day 
S(x) = Gx S="x &x 
N-1 


S (x) ‘| 128,420 - 62.625 (2004) 
32-1 

S(x) = | 128,420 - 125,500 = 27920 =| 94.193 = 9.705 
a1 31 


s(x) = S(x) 
YN 


S@) =. 9.705 = 9.705 = 1.715 


y a2 5.656 


M @ 95% Confidence Level 


Mex 210.05 (ox) 


M = 62.625 #2.0378 (1.715) 


M = 62.625 +3.49 minutes 
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TRUCK LOADING - DOZE THE MUCK PILE 


Calculations to estimate true mean (M) from sample data. 


fe 2» - Pebl 

N = 33 

x = .0939 
éx* = 3001 


S(x) = bx? - X &x 
N-1 


B(x) = 1 25001-0939 <3. 11) 


33-1 
S(x) =/ .3001 - .2920 = .0081 = .00025 
37 32 
SG) = Sx) 
~{N 
SG) = 0.0159 = 0.0159 = .0027 


y/ 33 5.7445 


M @ 95% Confidence Level 


M = X +T 0.05 S(x) 
M = .0939 +2.0399 (¢(.0027) 
M = .0939 +.0055 minutes 
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TRUCK LOADING - LOAD THE BUCKET 


Calculations to estimate true mean (M) from sample data. 


6x = 4.91 

N = 40 

x = 0110075 
éx2 = 6166 





SC) = eerGroorarr i775.) (ar9)) 
40-1 

S(x) = | .6166 - .6027 = } 0139 = | .0004 = .02 
39 39 








SG) = S(x) 
VN 
BGcy Se 02S 02%: ee 0 O03 
40 6.3245 





M(@ 95% Confidence Level 


x eT 0105" Six) 


HT 


HI 


M 
Mo (122° 42.021.9C; 003) 
M = .122 +.006 minutes 
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Calculations to 


TRUCK LOADING - BACK AND TURN 


6x = 5.60 

N = 36 

x = .15555 
gx* = 9135 


S(x) = ax? - X &x 
N-1 


(x) Say. 9ts.—. 15>. (5..60) 
36-1 






S (x) .9135 - 398710 
35 
Sq) = SG 
~[N 
S(X) = .034846 = .034846 = .0058 
mY 99396 6 





M @ 95% Confidence Level 


M = xe+T,0.05...S(X) 
M = .15555 +2.0294 (.0058) 
M = .15555 +.013 minutes 


estimate true mean (M) from sample data. 


= / .0425 =, /.00121 = ,034846 
35 


BS8AE0, 


es 


1s SRL vy ee 
re t es, Ae ’ *) i] 

, i . , ‘ mh Vee ha Pg 

; ie 5 i i 


= S500, 


nyAd) ‘ 
Sac Al 


Pas au a f 
j./oo ‘ee ui 7 2 ’ 

(Whe Eve ALi 
y f ht ‘ i ; ’ 





i 


ue fe 


“ae tebe! 


TRUCK LOADING - DUMP THE BUCKET 


Calculations to estimate true mean (M) from sample data. 


&x = 3.46 

N = 38 

x =  .0910 
fx? = 3666 





S(x) = 6x2 - & &x 
N-1 
S(x) =] .3666 - (.0910) 3.46 
38-1 
S(x) = [3666 3148 ¢e=—y- 0518 “= 7 .0014 “=” .0374 
37 37 





siz) = s(x) 
APE 

S(x) = .0374 = .0374 = 006 
Plaid. Oo164 





M @ 95% Confidence Level 
Mim S 2T O.05u5S (x) 

M = .091 +2.0252 (.006) 
M= .091 +.012 minutes 


-10- 





+e 
iA : 
ae 

t \ 


ye 





ee WS Be 


ai aren va awe us mi ‘ 
Ks ma £3 et 1x 





A oo (ee aevetehe 


1) A ae sista rast i 
yy i ri | anes a Sune) ie aarit nate ie a a i i a 


fe ws ee hy 


i? 


eh it A i py | i 


ey an 


s 


TRUCK LOADING - TRAVEL EMPTY 


Calculations to estimate true mean (M) from sanple data. 


§6x = 2.85 

N = 32 

x =  .089 
fx2 = .2629 





S(x) = x? - & 6x 
N-1 
S(x) = [12629 - .089 (2.85) 
32-1 


S(x) = /.2629 - .2536 = |.0093 = .0003 =  .0173 
| oN 31 





S(X) = S(x) 
N 
Si = .0173 = S013 =" 003 


~[ 32 5.6568 





M@ 95% Confidence Level 
Me £470.05 (SC) 

M= .089 +2.6378 (.003) 
M=_ .089 +.006 minutes 
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MAN/MACHINE TIME CHART 


Loading and Hauling - Anvil Points Mine 


November 1975 
ELEMENT TIME 
Doze 07 
Load Ae 
Back and Turn .08 
Travel Loaded it 
Dump .07 
Travel Empty .06 
Doze .08 
Load fez 
Back and Turn 14 
Travel Loaded hb 
Dump .09 
Travel Empty .08 
Doze . 10 
Load al 
Back and Turn .14 
Travel Loaded . 16 
Blica: 
Travel Empty 12 
Doze - 
Load 12 
Back and Turn - 
Travel Loaded a7 
Dump ay 
Travel Empty - 
Doze .06 
Load ar 
Back and Turn ae 
Travel Loaded .18 
Dump .04 
Travel Empty .08 
Doze .08 
Load RRS: 
Back and Turn . 16 
Travel Loaded ay? 
Dump .06 
Travel Empty as 
Doze .08 
Load ue 
Back and Turn ae 
Travel Loaded .16 
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MAN/MACHINE TIME CHART 


Loading and Hauling - Anvil Points Mine 


November 1975 
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Loading and Hauling - Anvil Points Mine 


November 1975 
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MAN/MACHINE TIME CHART 


Loading and Hauling - Anvil Points Mine 


November 1975 
SUMMARY SHEET 
Occurrences Per Cent 
Total of Cycle Standard Standard 
Element Time Elements Mean Deviation Deviation 
1. Doze 3740 33 .09 ‘O2 19% 
Zea 4.91 4O ole .02 16% 
3. Back and Turn 5.60 36 16 04 22% 
4. Travel Loaded 6.13 37 SLT 703 21% 
5. Dump 3.46 38 .09 .04 41% 
6. Travel Empty 2.84 32 .09 .02 197%, 
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